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The aim of the research was to develop the non-intrusive physiological measure of
using human facial skin temperature change as an indicator of mental workload. The
forehead and nose temperature were obtained via thermography from the participants
who drove in a simulator driving environment and/or in instrumented car experiments.
The NASA TLX and the Modified Cooper-Harper metrics were adopted to assess the
subjective workload for the validation of the physiological measure. Three driving
experiments were conducted in order to acquire the physiological response and the
workload score for the performed tasks. Forehead temperature was very stable throughout
the experiments. Nose temperature dropped significantly after the experimental drive for
all conditions in simulator test. Experiment 1 (NASA TLX Group: N=10; MCH Group:
N= 14) used simulator driving with different terrains as loading tasks. Neither the
significant difference of the subjective workload nor the temperature drop was detected
between different terrain conditions. In experiment 2 (N= 33), mental workload was
increased in a controlled manner by the introduction of mental arithmetic tests to the
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primary simulated drive. The mental arithmetic test conditions provoked a significantly
greater nose temperature drop and also a higher perceived workload than the conditions
without the arithmetic test. A weak correlation between the nose temperature drop and the
subjective workload metric was yielded from the experiments. In Experiment 3 (N=13),
facial temperature response and subjective workload score were compared between the
simulator test and on-road driving. Driving in the simulator resulted in higher subjective
workload and greater nose temperature drop than in real-car driving. When participants
perceived a higher workload for a task, their nose temperature exhibited a greater drop. A
significant correlation between the nose temperature change and the subjective workload
score was found. Actual or potential applications of this research include real-time and
unobtrusive mental workload assessment for human-system interaction development.
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CHAPTER 1
INTRODUCTION
With the increase of complexity and automation of control systems, the operator
mental workload has been recognized as an important concern with the considerations of
human errors and failures of system manipulation due to mental underload or overload in
such a system. Work underload and overload have negative consequences to performance
(Wickens et al., 1997, pp. 386) or can lead to errors with disastrous outcome. In the
domain of ground transportation, for instance, driver underload and overload lead to
reduced alertness, diverted attention, and inadequate time for information processing
(Brookhuis & de Waard, 2001). Human errors due to inattention, lack of alertness, and
insufficient information processing are the main causes of road-related accidents (Smiley
& Brookhuis, 1987).
The need for operator mental workload evaluation has been sustained more than
three decades since human operators often have a central role in the operating systems.
The assessment of operator mental workload is important for system design (Or & Duffy,
2004). Mental workload evaluation is a key point for the usability enhancement of the
components of a technical system and for the quality improvement of a design (ISO,
1998). Mental workload fluctuates dynamically over time for the tasks in which the
workload level cannot be directly measured. Operator mental workload, or cognitive
capabilities, assessment can be achieved by the subjective measures known to be a valid
1

indicator, such as NASA Task Load Index (TLX; Hart & Staveland, 1998), and the
Modified Cooper-Harper Scale (Wierwille & Casali, 1983). To obtain a more
comprehensive understanding of an operator’s mental workload in performing a task,
scientists tend to use a combination of subjective questionnaires, physiological measures,
and secondary task techniques for the workload assessment.
Several physiological measures have been widely used to infer mental workload in a
quantified manner. The following physiological measures for the workload evaluation
have been found in previous studies: heart period, heart rate variability, pupil size, blood
pressure, blood pressure variability, respiration, skin conductance, etc. Aviation research
has adopted physiological measures for workload assessment. Veltman and Gaillard
(1998), for example, demonstrated the practice of using physiological measures to
capture workload level in a flight simulator study. Also, Gaillard and Kramer (2000)
showed the contributions to the present understanding of mental workload using
psychophysiological techniques. Furthermore, a large number of studies exist in relation
to the application of the physiological techniques for ground transportation research. In a
recent study, Backs et al. (2003) showed the potential application of the combination of
the physiological techniques that are a potent research tool to measure the psychological
state of drivers.
Nevertheless, most of these psychophysiological techniques are intrusive in that
physical contacts of instruments with body parts are necessary. Intrusive physiological
measures could affect test subjects and might produce noise in the resulting data. Due to
the flaws of using the intrusive psychophysiological techniques and with the merits of
understanding automatic nervous system responses as an indicator of operator mental
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workload, a non-intrusive psychophysiological measure was suggested in this research
for mental workload assessment.
The present study developed a non-intrusive measure in driving environments that
uses the change of facial skin temperature to indicate mental workload level. However,
the application may not be confined only to the in-vehicle tasks. Experiments for the
investigation of the physiological technique were carried out in simulator tests and also
on-road driving tests. The well-validated subjective mental workload assessment
technique, the NASA TLX and the Modified Cooper-Harper Scale were used as valid
indicators of workload for the physiological measure.

3

CHAPTER 2
LITERATURE REVIEW AND BACKGROUND
2.1. CONCEPTS OF MENTAL WORKLOAD AND STRESS
The concept of mental workload and stress has already been addressed in the past
few decades. However, there is no universal definition of mental workload and of its
relationship with stress. In 1979, Wickens (1979) explained that operator workload was
basically defined in terms of the human processing resources or of the residual resources.
Mental workload may be considered as the tangible workload imposed by the task or as
the operator’s subjective perception with regard to the demands of the task (Gaillard,
1993). The tangible workload of a task may refer to the frequency of work, the
complexity of the job, and concurrent task performance, etc. Sheridan and Stassen (1979)
defined workload in various contexts, such as “information processing which the operator
performs”, “energy expended by the human operator”, and “emotional stress which the
operator experiences”. Information processing done by the operators and emotional stress
taken together are called mental workload. Most modern day mental workload may refer
to the theory of the demand of human information processing resources of operator in
performing a task.
Humans adopt different strategies to cope with workload and stress. One of the
strategies for workload and stress manipulation is that the operator dedicates more
resources for the demands (Wickens & Hollands, 2000), that is, exerts more effort on the
4

task. Objective change in task difficulty leads the operators to continuously expend
additional resources to cope with the task as long as they do not give up or as long as
resources were not exhausted. If this always the way the operator copes with workload, as
time goes by, operator’s resources keep being recruited from the pool and eventually lead
to insufficient resource for this expenditure (assuming: the “give up” strategy was not
adopted) to maintain performance at a specified level. As defined in this manner, operator
overload occurs. Sirevaag et al. (1993) also illustrated mental workload in the context of
resources demand and supply. Workload experienced by the human operator can be due
to the requisition for similar resources when two tasks overlap in their resource demands.
Is stress a component of mental workload? Miller and Rokicki (1996) illustrated that
mental workload is the stress imposed on the operator that placed upon a component of a
system, such as a highly difficult task. Stressors such as cognitive fatigue and time
pressure could be generated in an effortful task or in a task with high complexity. Stress
usually increases with the increase of load of additional tasks (Wickens, 1979). As the
aforementioned definition of mental workload by Sheridan and Stassen, emotional stress
would more or less be the contributor of mental workload. Diaz (1986) stated that
workload can be described subjectively in terms of the amount of stress that the operator
was imposed by system. Gaillard (1993) illustrated that stress is regarded as a component
of workload. In the subjective mental workload ratings such as the Subjective Workload
Assessment Technique and the NASA TLX, stress is always a component of the measures.
Some researchers and practitioners consider stress is a by-product of mental workload.
Other researchers believe that mental workload and stress are overlapped somehow.
Although practitioners consider differently for the concept between mental workload and
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stress, it is reasonable to explain that stress is a component of workload based on the
aforementioned review of the literature. Possible interpretations of the relationship
between mental workload and stress are illustrated in Figure 1.

MW

MW

S

MW

S

MW

S

S
(1)

(2)

(3)

(4)

Figure 1. Possible interpretations of human mental workload (MW) and stress (S).
2.2. SUBJECTIVE MENTAL WORKLOAD MEASURE
Mental workload is a subjective psychological experience. There is no benchmark to
directly quantify mental workload by objective measures. One fundamental technique for
evaluating mental workload state is subjective workload rating. Subjective mental
workload assessment is believed as a well-validated and reliable measure across
applications. The technique has been extensively applied to system design and
human-computer interaction, usability of World Wide Web and software, aviation, and
automotive research. The history of the development of subjective mental workload
evaluation technique can be seen as early as 1968 (Moray, 1982). The most frequently
employed subject workload measures are: the NASA Task Load Index (TLX; Hart &
Staveland, 1988), the Subjective Workload Assessment Technique (SWAT; Reid &
Nygren, 1988), the Cooper-Harper scale (Cooper & Harper, 1969), and the Modified
Cooper-Harper scale (MCH; Wierwille & Casali, 1983).
A review of the subjective workload literature demonstrated the validation and
applications of the uni- and multi-dimensional workload measures. Vidulich and Tsang
(1986) concluded that the subjective mental workload score of the two measures were
6

valid as an indicator of task difficulty. In 1979, Hicks and Wierwille (1979) completed
empirical research that compared five mental workload assessment techniques in a
moving-base driving simulator experiment. The five assessment techniques used for
sensitivity comparison were secondary task performance, the two physiological measures,
subjective opinion rating scales, and primary task performance. The study demonstrated
that the method of subjective opinion scales was able to detect the significant differences
among workload levels. A more recent study by Verwey and Veltman (1996), a
comparison of nine workload assessment techniques were performed in an instrumented
car-driving task. The results were consistent with those from Hicks and Wierwille (1979)
in which subjective rating method was able to quantify workload of the primary task.
Subjective workload measures have been extremely popular in operational settings
because of their high face validity (Sirevaag et al., 1993) and the ease of data collection.
This popularity has been reflected in a variety of laboratory research. Such methods also
provide operational relevance, convenience, and lack of task intrusiveness.
The MCH scale and the NASA TLX rating were employed to validate the
non-intrusive physiological measure, change of facial skin temperature, for the mental
workload assessment developed in the present study.
2.3. PHYSIOLOGICAL MEASURE FOR MENTAL WORKLOAD
Scientists have shown that the physiological measures are sensitive to mental
workload in the research of flight (Veltman & Gaillard, 1998; Hankins & Wilson, 1998;
Backs et al., 1999; Sirevaag et al., 1993) and automotive (Backs et al., 2003; Brookhuis
& de Waard, 2001; Belz, Robinson, & Casali, 2004). Many researchers and practitioners
believe psychophysiological measure is one of the methods that can reflect the functional
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states of operator. Heart rate (HR) or heart rate variability (HRV), for example, provides a
sensitive physiological measure to assess mental workload (Backs et al., 1999). The
measure is, perhaps, the most frequently technique in applied research. HR, HRV, blood
pressure, electrical resistance of the human skin, respiration, electrical activities of the
muscles (Waterink & Van Boxtel, 1994; Brookhuis & de Waard, 2001), eye blink, pupil
size are the physiological measures that have been widely used to determine the
operator’s cognitive status in tasks. Each is of value when chosen carefully to meet the
requirements of each application. The psychophysiological parameters of the measures,
such as heart rate variability, provide an insight into the mental workload and stress of the
operator about the task. However, the methodology of the physiological measures used
nowadays may have interference with the result since placement of instrument is needed
on the human body. For instance, to measure the electrical activities of the muscles using
electromyogram (EMG), a needle electrode may be needed to insert through the skin into
the muscle to detect its electrical activity (University of Iowa Health Care, 1999). Surface
EMG is usually adopted instead, but is still intrusive.
In the present study, the proposed non-intrusive physiological measure is believed as
a potent means to infer mental workload of the operator without physical contact between
instrument and human body. Thus, the interferences would be eliminated for the results.
2.4. PSYCHOLOGICAL AROUSAL AND HUMAN SKIN TEMPERATURE
Investigation of the involvement of the change of human facial skin temperature in
the relation to mental workload is an area in which little study has been done to date. The
present study attempted to demonstrate the use of facial skin temperature as an index of
mental workload. Prior to the beginning of the investigation via experiments, a review of
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the psychological factors and human skin temperature literature provides some insight
into how the physiological response is influenced by events in human brain. Human skin
temperature can vary for the following reasons: environmental variables change,
individual differences (e.g. gender and health conditions), and psychological states. The
change of skin temperature could be due to the variation of psychological states, if the
environmental variables and individual differences were controlled.
Green and Shellenberger (1991) described that the skin temperature, such as the
surface of the finger, decreases may be a function of mental workload and stress
increased. Trujillo (1998) assessed pilot mental workload associated with using the
predictive information of aircraft system status. The study measured the dorsal surface of
the index finger of the pilots during the simulated flight. The result showed that the
experimental condition induced the greatest temperature drop, which also had a high
subjective workload rating by the pilots. The author stated that the large temperature drop
was due to higher stress.
There has been a small amount of research that demonstrates that psychological
event imposed on human engendered their skin temperature to vary, particularly for the
facial skin temperature. The studies supported a general facial skin temperature
dependency that the change of operator’s stress or anxiety level influenced their central
nervous system activity. Changes in facial skin temperature represent bodily reaction that
may correlate with cognitive or emotional changes. For instance, Drummond et al. (2003)
described that embarrassment caused facial blushing or reddening of the human face. It
was explained that facial blushing caused by embarrassment was due to the dilation of
facial blood vessels mediated by the autonomic nervous system. In Pavlidis and Levine
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(2002), the facial skin temperature of the subjects was inspected with and without the
presentation of the startle stimuli. In the study, the startle stimuli were a very loud
instantaneously noise presented to the subjects. The empirical results indicated that the
temperature of the periorbital areas of the eyes increased immediately after the stimuli,
and the effect faded out quickly. The temperature change in the periorbital area of eyes
was due to the increased blood circulation on that area. Genno, Ishikawa, Kanbara, and
Kikumoto (1997) and Genno, Saijo, Yoshida, Suzuki, and Osumi (1997) proposed that
stress on the subjects was possibly evaluated through a facial skin temperature
measurement. It was suggested that facial skin temperature was valid for objectively
evaluating sensations such as stress or workload. The studies demonstrated that both the
manual tracking task and the emergence of loud alarm bell ring during the task caused the
nose skin temperature to drop. The results also showed the stability of forehead skin
temperature. The resulting nose skin temperature drop was because of the activity
alteration in the autonomic nervous system (Genno, Ishikawa, Kanbara, & Kikumoto,
1997). Mizukami et al. (1987), interestingly, delineated that stress conditions for babies
such as a brief mother-infant separation induced a drop of their nose skin temperature.
Naemura et al. (1993) adopted the technique of loud noise presentation as a stressful
event presented to the subjects. The empirical result demonstrated nose skin temperature
of the subjects dropped when the stressful event was imposed on them. It was declared
that the temperature drop, again, was ascribed to the vasoconstriction response of the
autonomic nerves system.
Researchers clearly showed the relationship of cognitive load or mental effort with
autonomic measures of arousal. It is expected that psychological factor such as mental
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workload provokes human facial skin temperature to change. In this study, the facial area
of interest for the hypotheses testing was nose and forehead based upon the findings of
Genno, Ishikawa, Kanbara, and Kikumoto (1997) and Genno, Saijo, Yoshida, Suzuki, and
Osumi (1997). Stoll (1964) also stated that the forehead is the most stable of any on the
body surface. The forehead skin temperature is expected to remain stable even though
mental workload task was imposed on a human.
2.5. TRAFFIC DENSITY AND MENTAL WORKLOAD
The perceived difficulty or workload varies for the driving in different maneuvers
with different road characteristics. Road characteristics such as traffic density and road
types are expected to require a different degree of cognitive resources during the driving
task. Baldwin and Coyne (2003) conducted a driving experiment with different levels of
traffic density to evaluate the sensitivity of different mental workload measures. The
authors indicated that cognitive processing resources are expected to increase during high
traffic density drive. The results of the study revealed that driving in the higher traffic
density condition resulted in deteriorative secondary performance. However, the
physiological measure used in the study was not sensitive to the increased mental
demands of driving through the increase of traffic density that was probably due to a low
statistical power. Vivoli et al. (1993) employed heart rate measure for the evaluation of
drivers’ workload in various traffic jam situations. The empirical result showed that heart
rate test was sensitive to indicate workload caused by traffic jams. Several studies had
illustrated that traffic density or complexity could be used as loading characteristics for
driving experiment in relation to mental workload assessment (Hicks & Wierwille, 1979;
Recarte & Nunes, 2003). Drivers dedicate different degrees of mental concentration in
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the maneuvers of different levels of traffic. Brown and Poulton (1961) stated that the
drivers perceived higher mental workload while driving in heavy traffic density. A
metropolitan area has higher traffic density relative to highway or rural areas that can be
expected to increase difficulty of driving. Attentional or mental demand of drivers could
be higher when driving in such metropolitan terrain. This is because drivers are required
to maintain the primary tracking task (driving) and concurrently to perceive information
from both the surrounding vehicles and the entities (i.e. traffic lights and pedestrians) in
the driving dynamic. Brown (1965) stated that driving in an area of high traffic density,
performance on a secondary task was worse than in a low traffic density area. The
decrement of secondary task performance is due to a higher mental resource demand
required by the primary task. Richter et al. (1998) also described that increasing traffic
density would increase mental overload of drivers.
In this study, the simulated carriageways had been selected carefully that the average
traffic density of the city was denser than the highway and the rural, and the rural had
least average traffic density. All carriageways were created to have close affinity of the
real roads. For instance, some pedestrians strolled along the sidewalk in the city and four
traffic lights existed at the intersections that the drivers were required to stop the vehicle
for the onset of red light.
2.6. SECONDARY TASK TECHNIQUE
To manipulate the workload level of tasks, a mentally loading secondary task was
introduced to the driving task (Brown & Poulton, 1961; Brown, 1965; Verwey & Veltman,
1996; Recarte & Nunes, 2003). The loading task added to the experimental trials was a
mental arithmetic test. Although most research with the use of a secondary task technique
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was to assess the residual resource of the users, the usage for this study was instead an
attempt to increase the mental workload of the trials. Introducing an arithmetic test to
mental workload experiment is a common technique in human factors transportation
research. The use of a secondary task technique benefits researchers for measuring the
mental demand of a certain task. A well-known study conducted by Brown and Poulton
(1961) showed the effectiveness of a mental addition test as a subsidiary task for the
investigation of mental capacity of car drivers. The introduction of a secondary task was
believed to increase drivers’ mental workload since the cognitive resources demanded by
the secondary task were shared with the primary driving task (Verwey & Veltman, 1996;
Or & Duffy, 2004). In Verwey and Veltman (1996), the loading task had a significant
effect on the subjective mental workload rating and the results of the physiological
measures. The mental arithmetic test was adopted as a loading task for the simulated
driving experiment in this research. Several researchers have demonstrated the
effectiveness of using the arithmetic technique for the evaluation of mental workload in
human factors study (Andre et al., 1995; Damos, 1985; Huddleston & Wilson, 1971;
Harms, 1986; Brown & Poulton, 1961).
2.7. AGING AND COGNITION
The ability of people to perform various tasks appears to decline as they age (e.g.
Stelmach & Nahom, 1992). The theory of age-related cognitive slowing suggested that
the response latency of the elderly in performing a cognitive task is larger than those of
the young. This effect appears to magnify when the complexity of the task increases
(Salthouse, 2000). Kramer and Larish (1996) stated that age-related differences in a
person’s ability could be elicited when he/she performs multiple tasks. The ability
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difference could probably be due to the age-related changes in cognitive processing
(Salthouse, 1985). Likewise, Korteling (1994) illustrated the age-related decline in
cognitive and mental ability could contribute an increased likelihood of accidents. The
cognitive impairment due to aging conveys the difficulty to the elderly in performing the
tasks. In the present study, it was hypothesized that older participants would perceive
higher cognitive load/mental workload than younger participants in the tasks. The
question arises whether the physiological measure of facial temperature change is
sensitive to the differences by age.

14

CHAPTER 3
EXPERIMENT 1. SIMULATOR DRIVING TEST
3.1. GENERAL OVERVIEW AND AIMS
As mentioned in Chapter 2, based on Genno, Ishikawa, Kanbara, and Kikumoto
(1997), using facial skin temperature could evaluate mental stress. The literature review
illustrated the potential of using the physiological measure to assess the psychological
state of the human. Experiment 1 adopted a simulated driving test to investigate the use
of a non-intrusive measure, the change of human facial skin temperature as an indicator
of mental workload. The change of drivers’ facial skin temperature was measured during
various driving conditions in a simulator. The corresponding subjective mental workload
score was also examined using the NASA TLX rating (N= 10) and the Modified
Cooper-Harper scale (N= 14). It was intended to use the subjective mental workload
measure for validating the relationship between the variation of the temperatures and of
mental workload. The question addressed in Experiment 1 was: Are changes in facial skin
temperatures induced by the variation of mental workload?
3.2. HYPOTHESES
In Experiment 1, the investigation for the development of the non-intrusive measure
was achieved in simulator driving. The participants were asked to perform driving tasks
in three different terrains during which their facial skin temperatures were measured. The
perceived amount of mental effort required to perform the tasks was assessed by the
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well-validated subjective workload measures. The subjective workload score and the
measured facial skin temperature were used for hypotheses testing. The following
hypotheses were examined in this experiment.
•

Hypothesis 1: The NASA TLX subjective mental workload rating or the Modified
Cooper-Harper scores would differ between the different driving terrains.

•

Hypothesis 2: Drivers’ nose skin temperature would change after the completion of a
driving task. In other words, it was expected that the initial nose skin temperature
would be significantly different from its final temperature.

•

Hypothesis 3: Drivers’ forehead skin temperature would remain stable after the
completion of the driving task. In other words, it was expected that no significant
difference would be detected between the initial and final forehead temperature.

•

Hypothesis 4: The nose temperature change (∆T) would significantly differ between
the three driving terrains; ∆T=TInitial-Tfinal.

•

Hypothesis 5: Age would be a significant main effect on the dependent variables, the
facial skin temperature change and the subjective workload rating.

3.3. METHOD
3.3.1. Experimental Design
The experimental design used in Experiment 1 was a 3x2 design with 1 within- and
1 between-subject variable. The first factor, namely Terrain, was a within-subject factor
that entailed three levels, city-like environment, highway-like environment, and rural-like
environment. The three simulated driving maneuvers had been developed for the driving
examination. All participants were required to complete a driving task in all terrains. The
presentation order of Terrain levels was counterbalanced to avoid the order effect. Age,
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the second factor, was a between-subject variable that comprised two levels, younger and
older. The test participants were categorized as younger (18-35 years) and older (36-64
years). The design matrix showing six cells (conditions) nested by the variables of Terrain
and Age is shown in Table 1.
TABLE 1. The experimental design matrix nested by Terrain and Age
Age
Younger (18-35 years)
Older (36-64 years)
Terrain City
Highway
Rural
The dependent variables used were the subjective mental workload rating, the nose
skin temperature, and the forehead skin temperature. The facial temperatures were
presented in degrees centigrade (°C) throughout the experiments. Experiment 1
comprised two subject groups: namely NASA TLX Group and MCH Group. To evaluate
the participants’ workload through the use of their judgments, the widely used NASA
TLX questionnaire was employed for the participants in NASA TLX Group. The MCH
scale was adopted to assess the subjective workload for the participants in MCH Group.
3.3.2. Test Participants
There were two different groups of participants in Experiment 1 in which different
subjective mental workload assessment techniques were used in each group. The groups
were named as NASA TLX Group (N= 10) and MCH Group (N= 14). All participants
were paid at the rate of $30 for one hour or fraction of that as remuneration. In order to
motivate participants to adhere to the experiments, the participants were told that they
would be given an incentive of $10 for those whose primary driving performance (i.e.
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number of count of collision) was in the top 25%. However, at the end of the test, all
participants were paid $10 as a bonus regardless of their performances. The bonus was
adopted only in the simulated driving experiment.
3.3.2.1. NASA TLX Group
Ten licensed drivers, 4 males and 6 females, were recruited in the state of
Mississippi for participation in the experiment. Participants were recruited with
newspaper advertisements, handouts, and posters. Participants of two age groups were
involved in experiment 1, namely, younger and older. Younger and older age participants
were recruited from Mississippi State University by advertisements and posted flyers.
Copies of the poster and of the wording for newspaper ads and class announcements are
included in Appendix A. Visual acuity and color blindness of participants were
self-assessed prior to the driving. All participants reported having normal or corrected
vision. No participants reported having color blindness. Of the ten participants, 7 were
younger whose ages ranged from 18 to 35 years (mean age=25.6; S.D.=4.5) and 3 older
participants whose ages ranged from 36 to 64 years (mean age= 49.7; S.D.= 4.2). The
participants’ self reported annual mileages were at least 2,000-7,999. No participants
reported any cognitive impairments or mental diseases.
3.3.2.2. MCH Group
Fourteen licensed drivers, 10 males and 4 females, were involved the simulated
driving experiment. Participants were recruited with newspaper advertisements, handouts,
and posters, as described in section 3.3.2.1. All participants reported having normal or
corrected vision. No participants reported having color blindness. Of the fourteen
participants, 6 younger participants ranged from 18 to 35 years (mean age=25.7; S.D.=5.2)
18

and 8 older participants ranged from 36 to 64 years (mean age= 47.1; S.D.= 7.5) were
included. The participants’ self reported annual mileages were at least 2,000-7,999. No
participants reported any cognitive impairments or mental diseases.
3.3.3. Participant Screening
A screening process was carried out over the telephone for the acquisition of the
preliminary information of participants. The acquired information included participant’s
age, gender, health conditions, driving experience, experienced mileages per year,
education level, possibility of having motion sickness, and contact information.
Participants who reported the possibility of having simulator motion sickness, such as
dizziness or nausea, in the screening process or revealed any health problems during the
experiments were asked to terminate the experiment immediately. Appendix B shows the
screening test questionnaire used in the experiment.
3.3.4. Test Apparatus and Materials
3.3.4.1. Driving Simulator Architecture
The simulated driving experiment was conducted using a low-fidelity desktop
driving simulator manufactured by DriveSafety, Inc. The driving simulator used in this
research is shown in Figure 2. The simulator was located in HSE lab in Center for
Advanced Vehicular Systems at Mississippi State University. The driving simulator
operated on a PC platform using Linux OS system. The computer had a Pentium IV 2
GHz processor, 80GB hard disk, and 256Mb RAM. A GeForce4 graphic card with
128Mb DDR memory was used to generate three-dimensional graphics. Drivers’
interactions were achieved by interfacing a real steering wheel of Buick Rendezvous
2002 and the factory default interfaces of simulator for others. The audio system
19

comprised of two speakers located on each side of the simulator. The simulated driving
maneuvers were designed and built by using HyperDrive authoring software. The
developed driving maneuvers were translated and transferred to the simulator via
etheridge connection. Simulation data collection was performed in HyperDrive software
by specifying the variables of interest. All the scripts for driving scenes development
were composed by using TCL programming language.

Figure 2. The desktop driving simulator used in this research.
3.3.4.2. Simulated Driving Terrains
The driving simulator utilized various built-in driving landscapes produced from the
HyperDrive software. The city, highway, and rural terrains with their own typical
structures as well as some customized characteristics were modeled.
The city-like terrain on the simulator was a circuit formed by four right-turn
intersections with a traffic light at each of the turns. The city included roads surrounded
by metropolitan constructions. It contained many moving vehicles from opposite
direction and many parked vehicles on the sides near the curbs. It was a two-lane,
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two-way road with a speed limit of 30 mph. The participants were required to complete
four turns at the intersections in city driving condition.
The highway-like terrain was a four-lane, two-way road with a speed limit of 65
mph with moderate traffic density. The carriageway was divided down the middle by a
barrier that separated traffic going in different directions. A pedestrian walked across the
road unexpectedly in which the driving participants were forced to decelerate or to make
a complete stop by braking to avoid collision. This unexpected event happened close to
the end of the driving in highway condition.
The rural-like terrain was surrounded by typical rural-area constructions, such as
farmhouses and trees. The rural area was programmed to low traffic. The terrain was a
one-lane, two-way road with double solid yellow stripe as centerline. The road speed
limit was restricted to 55 mph. The rural carriageway included a 1:10 downward slope
with a very sharp S-curve at about the end of the driving condition.
3.3.4.3. Thermal Imaging Camera
An infrared thermal imaging camera MikroScan 7200V manufactured by Mikron
Infrared, Inc. was used to measure the participants’ facial skin temperature during the
experimental tasks. The camera was installed on a tripod and was positioned nearby the
participants. Appendix C illustrates the detailed specifications of the MikroScan 7200V
thermal imaging camera used in this study. The information was provided by Mikron
Infrared, Inc. The camera was capable of recording high-definition 14-bit digital thermal
images. The range of measurable temperature of the camera was 0°C to 500°C (32.0°F to
932.0°F) with the sensitivity/NETD of 0.08°C. Data transfer was through the connection
of a built-in IEEE 1394 interface. Real-time thermal images were acquired using the
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camera accompanied with the custom software MikroSpec R/T. The software was used to
analyze the discrete or continuous thermal images either live or captured and stored on
the computer hard disk drive. Figure 3 presents a screen snapshot of the MikroSpec R/T
software that showed the temperature acquisition by drawing regions of interests (ROIs;
as the circles in the figure) in the software.

Figure 3. The facial skin temperatures were obtained via the thermography software.
An important consideration of using the thermal imaging camera in data collection is
to reduce environmental noises, such as a direct light source with high illuminance
striking the thermal imaging camera. The rule of thumb of the reduction of environmental
noises is to 1) shorten the distance between the thermal imaging camera and of the
measured object; 2) eliminate high temperature objects behind the measured object, such
as sun shining on the back of the measured object; 3) eliminate direct sunlight or any
light source with high illuminance from striking the thermal imaging camera; 4) remove
obstacles, such as dust, between the measured object and the camera.
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3.3.4.4. The NASA Task Load Index
The NASA TLX subjective workload questionnaire was used to evaluate the mental
workload requirements of the driving tasks. NASA TLX is a multidimensional approach
to examine human mental workload by rating its six components: mental demand,
physical demand, temporal demand, performance, effort, and frustration. The participants
were required to rate all components after each experimental drive. After completing the
rating, the participants also made 15 pair-wise comparisons of each component to
generate a weighting of the importance of each workload component to the
just-completed task. The definitions of the six components of the index, the questionnaire,
and the table for the pair-wise comparison are illustrated in Appendix D.
3.3.4.5. The Modified Cooper-Harper Scale
The Modified Cooper-Harper (MCH) scale (Wierwille & Casali, 1983) has been
widely used to assess the operators’ subjective mental workload associated with cognitive
and perceptual tasks. The scale is a decision tree, which would lead the operator to one of
10 uni-dimensional ratings that ranges from 1 (very easy) to 10 (impossible). The
technique provides a sensitive measure of mental workload for a variety of tasks. Its
advantages are that it is easy to use and less administrative work is needed. The MCH
scale questionnaire used is shown in Appendix E. A questionnaire was administered
immediately after each experimental drive for the MCH group.
3.3.5. Procedure
The test protocol received approval from the Human Subjects Committee of IRB of
Mississippi State University. Informed consent was obtained from all participants and the
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experimental instructions were given to them prior to their participation. The instructions
mainly informed them to perform the simulated driving task as they normally would. The
experimenter also verbally presented some other instructions that were not included in the
consent form: 1. Please drive as normally as possible, follow the rules of the road and
traffic regulations, and please observed all posted signs. 2. If your car is losing of control,
please brake to stop and regain control, then go back to the road and continue driving.
The experimenter also introduced the hardware of the simulator for the participants to
familiarize with all the controls. The consent form and the experimental instructions are
shown in Appendix F.
The room lights were turned off followed by the instructions. Two practice drives
were then given to the participants to get familiar with the control of driving simulator.
Each practice lasted approximately 1 minute. The three experimental conditions in which
actual data collection was carried out were presented followed by the practice drives.
Each experimental drive was a 5-minute driving task. The participants were not notified
when the data collection process started.
“Washout period” – Since the factor of Terrain was a within-subject variable, a time
interval was assigned between two consecutive trials for washing out the residual effect
on facial temperature from previous trial. Approximately three minutes were allowed to
pass between successive experimental drives in order to control for the effect of the
treatments given in one trial to be carried over to the next trial. After the completion of a
trial, the participants did not perform any driving task in the following 3-minute washout
period. The sequence of the experimental condition presentation for a participant in
Experiment 1 is illustrated in Figure 4.
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1st Practice
Drive

2nd Practice
Drive

3 minutes washout period

City-like
Condition

Highway-like
Condition

Rural-like
Condition

Presentation order of the three experimental
drives were randomized for the participants

Figure 4. Sequence of the practice drives, washout period, and the experimental
conditions for a participant in Experiment 1.
Participants entered a temperature-controlled lab (approximately 22°C) for the
simulator experiment. They were asked to read and sign a consent form prior to the start
of experiment. A copy of the consent form was given to each participant. After reading
and signing the consent form, participants were asked to relax for about 3 minutes. The
relaxation phase allowed the experimenter to obtain stable baseline facial skin
temperature of the participants. After three minutes of time elapsed, the experimenter
turned on the thermal imaging camera to measure the initial facial temperatures. The
participants were told to start the driving test immediately after their first thermal image
was captured. At the end of each trial, a subjective workload questionnaire, the NASA
TLX or the MCH scale, was distributed to the participants for the examination of their
subjective rating about the task they just completed.
3.4. DATA ANALYSES
Dependent variables consisted of the skin temperature of forehead and nose and
subjective mental workload ratings obtained from NASA TLX and the MCH scale. The
Kolmogorov-Simirnov goodness of fit (KS GoF; see Mann et al., 1974) test was used to
checking the distribution assumption for all data that samples come from a population
with a Gaussian (normal) distribution. A D-value with an associated probability was
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yielded from the KS GoF test indicating the results. The use of parametric statistical
analysis was permitted if no substantial deviations were observed in the KS GoF test, e.g.
the p-value of the test was greater than 0.05. A F-value with an associated probability was
obtained from the parametric statistical analysis for interpreting the results. The data were
transformed to create a more Gaussian (normal) distribution if the goodness of fit test did
not show the normality of the data. If the transformed data were still not normally
distributed, a nonparametric statistical analysis, Friedman two-way analysis of variance
by ranks (Daniel, 1978; pp. 224-228), would be employed. Nonparametric Friedman
two-way analysis of variance (ANOVA) test is an alternative to the repeated measures
ANOVA, when the assumption of normality is not met. The Friedman test yielded a χ2
with an associated probability to represent the result. However, all nonparametric test
results were also controlled with parametric repeated measures ANOVA. Tukey’s
Honestly Significant Difference (HSD) post hoc test was used to investigate differences
between groups or levels of the independent variables if the null hypothesis has been
rejected. All statistical analyses were evaluated at a significance level of α= 0.05. The
SAS system V8 for windows was used for the statistical analyses.
3.5. RESULTS
The results were presented for the two groups (NASA TLX Group and MCH Group)
of Experiment 1. The two groups were considered as two independent groups. To assess
the participants’ subjective mental workload levels, the NASA TLX group used the
approach of NASA TLX workload rating and the Modified Cooper-Harper group used the
Modified Cooper-Harper scale. The other elements of the two groups, such as the
independent and dependent variables, the tasks and treatments, methods of data analyses,
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etc., were identical between the two groups.
3.5.1. NASA TLX Group
3.5.1.1. “Carry-over” Effect on Facial Temperature
To recover the facial temperatures of the participants after each driving, time was
allowed to pass between successive trials. Nevertheless, carry-over effect would exist if
recovery time was insufficiently provided so that residuals from the previous trial would
be carried over to the subsequent trial. More specifically, the resulting facial skin
temperature change in a trial was due to the previous workload task if the “wash-out”
period was not long enough. To test for such a carryover effect, analyses of variance were
performed on the facial temperatures of the immediately pre-stimulus instant (the
temperatures at t=0) between the trials.
For the forehead skin temperature, the KS GoF test yielded D= 0.15 and p= 0.066.
Thus, the raw data of forehead temperature was assumed Normality. Parametric one-way
repeated measures ANOVA was adopted to assess how the forehead temperature differs
across the trial number. The forehead skin temperature did not show any significant
difference across the trial number (F(2,18)= 1.63; p= 0.2231). The null hypothesis was
accepted representing the means are equal. In other words, the initial forehead skin
temperature was statistically the same between the three trials.
The raw data of nose skin temperature was transformed (Y= exp(Y)) to create a
Gaussian distribution. The KS GoF test yielded a D= 0.15 and p= 0.082 for the
transformed data. Parametric one-way repeated measures ANOVA was used to assess the
carry-over effect by examining the significant difference between the nose temperature at
t= 0 of each trial. The initial nose temperature did not significantly differ between the
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three trials (F(2,18)= 2.09; p= 0.1532). The initial forehead and nose skin temperature of
each trial number are shown in Figure 5.
36

Initial Temp (°C)
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Figure 5. Initial (at t= 0) forehead and nose skin temperature of the three experimental
trials (NASA TLX Group: N=10).
3.5.1.2. Impact of Mental Workload on Facial Skin Temperature
The effect of the workload-driving tasks on facial skin temperature was analyzed in
two phases. The first phase examined the significant change of temperature after a
5-minute driving task by comparing the initial and final temperature. The temperatures
obtained at the instant immediately pre-stimulus were compared to those measured at the
end of the driving tasks. The second phase would be performed if a significant change of
temperature was detected in phase one. In the second phase of analysis, the degree of
temperature change would be compared across the experimental conditions.
The result of the parametric repeated measures ANOVA test showed that forehead
skin temperature did not show any significant change in any terrain-like driving
environment after a 5-minute driving test (city: F(1,8)= 3.66, p= 0.0922; N= 10; highway:
F(1,8)=0.22, p=0.6514; N=10; rural: F(1,8)=0.9, p=0.3706; N=10). Figure 6 shows the initial
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and final forehead temperature for the three experimental drives.

Forehead Skin Temp (°C)

34.5
34.0
33.5

Initial (t=0)
Final (t=5)

33.0
32.5
32.0
City

Highway

Rural

Terrain

Figure 6. Initial and final forehead skin temperature for the three experimental drives
(NASA TLX Group: N=10).
The data of nose skin temperature failed the normality goodness of fit test. Thus,
nonparametric Friedman two-way repeated measures ANOVA was also used to examine
the significant difference between the initial temperature (temp. at t= 0) and the final
temperature (temp. at t=5) of the participants. The χ2 and the associated probability was
the outcomes yielded from the Friedman test and the F-value and the associated
probability represented the results of the parametric ANOVA test.
Nose skin temperature dropped significantly after a 5-minute drive for all terrains
(city: χ2=9.00, p=0.0027<0.01; F(1,8)=14.98, p=0.0047<0.01; highway: χ2=8.00, p=0.0047;
F(1,8)= 16.35, p= 0.0037<0.01; rural: χ2= 6.40, p= 0.0114; F(1,8)= 54.76, p<0.0001). The
graphical representation of the initial and final nose temperature for all conditions is
shown in Figure 7.
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Figure 7. Nose skin temperature dropped significantly after a 5-minute drive for all
terrains (NASA TLX Group: N=10).
Age had no significant effect on nose temperature change in all conditions (city:
χ2=1.53, p=0.68; F(1,8)=0.02, p=0.8859; highway: χ2=0.85, p=0.84; F(1,8)=0.02, p=0.8990;
rural: χ2= 2.53, p= 0.471; F(1,8)= 0.18, p= 0.6848). Time×Age was not a significant
interaction for city (F(1,8)= 0.72, p= 0.4218) and highway (F(1,8)= 0.27, p= 0.6182).
Time×Age was a significant interaction for rural (F(1,8)=17.64, p=0.003<0.05).
The nose temperature of the participants changed significantly after the 5-minute
driving task for all the terrains. The temperature change was calculated as the following:
tempchange,i = tempinitial,i - tempfinal,i

where i represents terrain

(1)

The mean nose temperature drop was 0.64°C (32.51±2.35°C-31.87±2.51°C) for city,
0.39°C

(32.14±3.11°C-31.75±3.05°C)

for

highway,

and

0.74°C

(31.97±2.80°C-31.23±2.66°C) for rural. The parametric repeated measures ANOVA
revealed no significant difference in mean temperature drop of nose among the terrains
(F(2,16)= 2.31, p= 0.1315). Age was not a significant effect (F(1,8)= 4.69, p= 0.0623). There
was a significant interaction between the terrain and age (F(2,16)= 3.97, p= 0.0398<0.05).
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Figure 8 shows the interaction of Age×Terrain for the nose temperature drop.
1.4
Nose Temp Drop (°C)

1.2
1.0

N=10

0.8

Rural
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0.6

Highway

0.4
0.2
0.0
younger

older
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Figure 8. Significant interaction of Age×Terrain for the nose temperature drop (N=10).
3.5.1.3. Subjective Mental Workload Measure - NASA TLX
NASA TLX scores were computed for each participant by using an equal weighting
for the rating of each subscale. The parametric repeated measures ANOVA showed that
the participants’ perceived workload level were not significantly different between the
terrains (F(2,16)=0.97, p=0.4008). The NASA TLX rating for each experimental condition
is showed in Table 2. The effect of age was not significant (F(1,8)= 0.04, p= 0.8487). No
significant interaction between age and terrain was found (F(2,16)=1.25, p=0.3142).
TABLE 2. Mean (and Standard Deviations) of the NASA TLX subjective mental
workload for the three driving terrains
Experimental Conditions
Mean NASA TLX
S.D.
S.Err.
N
Rural
67.47
11.19
3.54
10
City
62.12
13.17
4.16
10
Highway
62.07
11.85
3.75
10
3.5.2. Modified Cooper-Harper Group
3.5.2.1. “Carry-over” Effect on Facial Temperature
The KS GoF test showed the normality of the data of the forehead skin temperature.
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A parametric one-way repeated ANOVA test showed that the initial forehead temperature
did not significantly differ between the three trials (F(2,26)=1.87, p=0.1740). The Friedman
test (χ2= 3.3091, p= 0.1912) and the parametric one-way repeated measures ANOVA
(F(2,26)=0.52, p=0.6018) showed no significant difference on the initial nose temperature
between the three trials. Statistically, the carry-over effect did not exist. It can be assumed
that the “wash-out” period of approximately 3 minutes interval between conditions was
long enough to wash out the residual effect from the previous condition for this
experiment. The initial facial temperatures of each trial are shown in Figure 9.
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Figure 9. Initial (t=0) forehead and nose temperature of the three trials (MCH Group:
N=14).
3.5.2.2. Impact of Mental Workload on Facial Skin Temperature
No significant change of participants’ forehead temperature was detected after
driving task in all terrains (city: χ2= 2.6667, p= 0.1025; F(1,12)= 3.13, p= 0.1020; N= 14;
highway: χ2=0.1111, p=0.7389; F(1,12)=0.29, p=0.5983; N=14; rural: χ2=0.1429, p=0.7055;
F(1,12)= 0.00, p= 1.0000; N= 14). Graphical representation of the initial and final forehead
temperature for the three experimental conditions is shown in Figure 10.
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Figure 10. Initial and final forehead temperature for the three terrains (MCH Group:
N=14).
After a five-minute driving task the participants’ nose skin temperature revealed a
significant drop (city: χ2=5.33, p=0.0209; F(1,12)=11.84, p=0.0049<0.01; N=14; highway:
χ2= 8.3333, p= 0.0039; F(1,12)= 12.41, p= 0.0042<0.01; N= 14; rural: χ2= 7.1429, p= 0.0075;
F(1,12)=19.30, p<0.0009; N=14). Age was not a significant main effect (city: χ2=0.9206,
p= 0.8205; F(1,12)= 0.21; p= 0.6575; N= 14; highway: χ2= 0.6648, p= 0.8815; F(1,12)=0.01,
p= 0.9363; N= 14; rural: χ2= 1.1455, p= 0.7661; F(1,12)= 0.15, p= 0.7029; N= 14). The
interaction of Time×Age was not a significant effect (city: F(1,12)=0.09; p=0.7721; N=14;
highway: F(1,12)= 0.01, p= 0.9067; N= 14; rural: F(1,12)= 0.25, p= 0.6237; N= 14). Figure 11
shows the similarities between the initial and the final nose skin temperature for the three
conditions.
A significant drop of nose skin temperature occurred after the 5-minute driving test
for all the experimental conditions. The mean nose skin temperature drop was 0.41°C
(30.80±3.28°C-30.39±3.23°C) for city, 0.49°C (31.51±3.13°C-31.02±3.07°C) for
highway, and 0.49°C (30.99±3.44°C-30.50±3.23°C) for rural, as shown in Table 3.
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Figure11. Nose skin temperature dropped significantly after task for the three terrains
(MCH Group: N=14).
Parametric two-way repeated measures ANOVA was permitted to use for analysis.
The nose temperature drop did not significantly differ across the three terrains
(F(2,24)=0.21, p=0.8119). Age was not a significant effect (F(1,12)=0.00, p=0.9874).
TABLE 3. Mean (and Standard Deviations) nose temperature drop for the three terrains
Experimental Condition
S.D.
S.Err.
N
Mean Temperature Drop (°C)
Rural
0.49
0.40
0.11
14
Highway
0.49
0.50
0.13
14
City
0.41
0.43
0.12
14
3.5.2.3. Subjective Mental Workload Measure - Modified Cooper-Harper
The parametric two-way repeated measures ANOVA reveled that Terrain had no
significant effect on the subjective MCH rating (F(2,24)=2.66, p=0.0907). The MCH score
was not significantly different between city, highway, and rural environments. The mean
scores are shown in Table 4. Age has no significant effect (F(1,12)= 0.01, p= 0.9330). No
significant Time×Age interaction occurred (F(2,24)=1.74, p=0.1961).
TABLE 4. Mean (and Standard Deviations) MCH score for the three terrains
Experimental Condition
Mean MCH scores
S.D.
S.Err.
Rural
4.43
1.95
0.52
Highway
3.86
1.70
0.46
City
3.50
1.51
0.40
34

N
14
14
14

3.6. DISCUSSION
The mean initial nose temperature in the three trials did not statistically differ. It
indicated that three minutes for the nose temperature to recover between two consecutive
trials was long enough to washout the residual effect from previous trial for this
experiment. The forehead temperature showed its stability that supported the hypothesis.
The result from Experiment 1 also supported the hypothesis that the nose
temperature dropped after the experimental task. Performing the driving task in the
simulator required substantial mental effort in order to maintain a safe driving
performance. Since the influential factors (e.g. ambient temperature) that could affect
skin temperature had been controlled in the experiment, it appears that the detected nose
skin temperature drop was induced by the mental driving task. Naemura et al. (1993)
described that subjects’ nose skin temperature dropped when the stressful event was
imposed on them. In this experiment, it appears the workload associated with the drive in
the simulator led the nose temperature to drop that is possibly due to the vasoconstriction
response mediated by the autonomic nervous system (Naemura et al., 1993; Genno,
Ishikawa, Kanbara, & Kikumoto, 1997).
Terrain was not a main effect on nose temperature change (∆T) that the mean drop
did not differ between the city, the highway, and the rural drive. The hypothesis was not
supported that nose temperature drop was expected to differ between the three terrains.
Concordantly, the mean subjective mental workload scores (both the NASA TLX and the
MCH score) did not differ between the terrains. Although the city with densest average
traffic was expected to provoke highest mental workload and the rural with least dense
average traffic was anticipated to generate a lowest mental workload, there were some
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other factors that may have interfered the expected results of the objective and the
subjective workload for the drives. It had been diagnosed that the interference was
probably generated by the hardware mechanism of the simulator and the design of the
simulated driving environments. The participants were observed for the steering
performance during the experimental drive. All the participants were oversteering when
turning at curves due to poor sensitivity of the steering wheel. Also, the desktop-based
simulator used in the research did not offer the side views/peripheral visions for drivers to
obtain a better navigation. It was problematic as the horizontal field of view was reduced
in which the visual cues and the reference points of turning from the sides could not be
acquired when drivers turned at intersections (e.g. Land & Lee, 1994). In Experiment 1,
four ninety degree right-turns at intersections were included in the city drive condition.
Due to the aforementioned limitations of the simulator hardware, the drivers experienced
difficulty in simulator driving that appear to have offset expected effects of traffic density.
The drivers drove in the highway and rural perceived similar workload level as in the city
could be ascribed to the design of the driving environment. Close to the end of the
simulated highway drive, a pedestrian walked across the road unexpectedly while the
drivers were driving at approximately 50-60 mph. In order to avoid collision, the drivers
were forced to decelerate or to make a complete stop by hard braking. In the rural drive,
the carriageway included a 1:10 downward slope with a very sharp S-curve at about the
end of the driving condition. It is believed that demand of resources is relatively higher
for the drive at curve than on a straight road and sharper curve have a greater workload
(Backs et al., 2003; Hancock et al., 2003). The simulator limitations (steering sensitivity)
created difficulty in steering on the downhill S-curve. Driving at a sharp curve in rural
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appears to have offset the impact of traffic density and led to higher workload of drivers.
Further investigation for the proposed psychophysiological measure with a better control
of mental workload levels in each experimental condition is recommended. The results
showed that mental workload can be manipulated or affected by the simulator hardware
and software configuration.
Age was not a main effect probably due to the small number of subjects used in each
cell. Correlation between the subjective and the objective workload measure was not
performed, since the significant difference of the mean workload score and of the nose
temperature change between the three Terrain levels was not found.
3.7. CONCLUSIONS
The investigation of the non-intrusive facial skin temperature measure for the
assessment of mental workload was performed in a driving experiment. The study
demonstrated the potential of using the facial skin temperature change as an indicator of
mental workload. The participants’ nose temperature was significantly different before
and after the loaded driving task: the nose temperature dropped significantly after task.
The nose temperature drop indicated that the drivers experienced mental workload.
Experiment 1 revealed some possible findings requiring further exploration. Further
investigation is suggested whereby a mental loading task could be added to the primary
task to increase mental workload in a controlled manner.
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CHAPTER 4
EXPERIMENT 2. SIMULATOR DRIVING TEST
WITH MENTALLY LOADING TASK

4.1. GENERAL OVERVIEW AND AIMS
In Experiment 1, the resulting nose temperature drop of the participants could be due
to the exposure of the driving tasks. However, neither the significant difference for
temperature drop nor the subjective workload score was detected between the Terrain
conditions. Experiment 2 was also a simulated driving test that examined the facial
temperature change for different experimental drives. The initial and final nose and
forehead temperature of the participants were measured for the hypotheses testing. In
Experiment 2, a mentally loading task (MLT), mental arithmetic test, was introduced to
the primary driving task. Task difficulty was manipulated by the introduction of the
loading task to driving. The participants were required to adhere primarily to driving and
to perform the mental addition problems as secondary task as long as they still complete
the primary simulated driving task successfully. The Modified Cooper-Harper scale was
used to assess the participants’ subjective mental workload associated with the tasks.
4.2. HYPOTHESES
Experiment 2 was designed to validate the non-intrusive mental workload measure
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in simulated driving environment with the introduction of mentally loading task. The
experiment comprised four different driving conditions: highway drive without MLT,
highway drive with MLT, city drive without MLT, and city drive with MLT. The
following hypotheses were examined in Experiment 2.
•

Hypothesis 1: The Modified Cooper-Harper score would vary for different
experimental conditions.

•

Hypothesis 2: Drivers’ nose skin temperatures would change after the completion of
experimental trial. In other words, it was expected that the initial nose skin
temperature would be significantly different from its final temperature after a trial.

•

Hypothesis 3: Drivers’ forehead skin temperature would remain stable after the
completion of the experimental task. It was expected that no significant difference
would be observed between the initial (before-task) and the final (after-task) forehead
temperature.

•

Hypothesis 4: The nose temperature change (∆T) would differ between the four
experimental conditions.

•

Hypothesis 5: Correlation would exist between facial temperature change and the
subjective mental workload score.

•

Hypothesis 6: Age would be a significant main effect on the dependent variables, the
facial skin temperature change and the subjective workload rating.

4.3. METHOD
4.3.1. Experimental Design
Experiment 2 was a 4x2 design with 1 within- and 1 between-subject variable. The
first factor was a within-subject variable comprised 4 levels, highway-like environment
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without MLT, highway-like environment with MLT, city-like environment without MLT,
and city-like environment with MLT. All participants were required to complete all 4
conditions in this experiment. The presentation order of the conditions was randomized to
avoid order effect. Age, the second factor, was a between-subject variable comprised two
levels, younger (18-35 years) and older (36-64 years), as described in the Experiment 1.
The dependent variables in Experiment 2 were the same as those in the MCH group
of Experiment 1. They were the Modified Cooper-Harper scores and the nose and the
forehead skin temperatures.
4.3.2. Test Participants
Thirty-three licensed drivers, 16 males and 17 females, served as participants for
Experiment 2. Of the thirty-three participants, 16 participants were categorized as
younger ranged from 18 to 35 years (mean age= 24.2; S.D.= 4.9) and 17 participants as
older ranged from 36 to 64 years (mean age= 48.8; S.D.= 7.1). Visual acuity and color
blindness of the participants were self-assessed prior to the driving. All participants
reported having normal or corrected vision. No participants reported having color
blindness. The participants were the residents and the university students and employees
recruited with newspaper advertisements, handouts, and posters. The poster used for the
recruitment was identical to that in Experiment 1, see Appendix A. Similar to Experiment
1, all participants were paid at the rate of $30 for one hour or fraction of that as
remuneration. They were told that incentive of $10 would be paid for whose primary
driving performance was in the top 25%. However, at the end of the test, all participants
were paid $10 as a bonus regardless of their performance. The participants’ self reported
annual mileages were at least 2,000-7,999. No participants reported any of his or her
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cognitive impairments or mental diseases.
4.3.3. Participant Screening
The participant screening process used was the same as was used in Experiment 1. It
is described in Chapter 3, section 3.3.3.
4.3.4. Test Apparatus and Materials
4.3.4.1. Driving Simulator Architecture
The simulator used in Experiment 2 was the same as used in Experiment 1. It is
described in Chapter 3, section 3.3.4.1.
4.3.4.2. Simulated Driving Terrains
Two simulator terrains with the absence and the presence of mentally arithmetic test
(2x2) were used to form four experimental drives in Experiment 2. Two of the
experimental drives were highway-like environment with the absence and the presence of
mentally loading task and the other two of them were city-like environment with the
absence and presence of the loading task. Both the highway- and city-like terrain used
were the same as used in Experiment 1, as described in Chapter 3, section 3.3.4.2.
4.3.4.3. Thermal Imaging Camera
The thermography camera used for measuring participants’ facial temperature in
Experiment 2 was the same as was used in Experiment 1. It is described in Chapter 3,
section 3.3.4.3.
4.3.4.4. The Modified Cooper-Harper Scale
The subjective mental workload scores were obtained using the Modified

41

Cooper-Harper scale questionnaire. The questionnaire used was the same as used in
Experiment 1. It is described in Chapter 3, section 3.3.4.5; also see Appendix E.
4.3.4.5. Mental Arithmetic Test
The secondary-task technique, mental addition test, used in Experiment 2 was
basically the same as that described in Brown and Poulton (1961). In this experiment, the
participants were requested to solve a set of simple addition problems involving
double-digit numbers whilst driving in the simulated environments for the “with mentally
loading task” conditions. Participants had to solve and verbally report the aurally
presented mathematical equations during the simulated drives. A tape recorder placed in
the experimental chamber was used to deliver the numbers at intervals of 10 second. The
task required the participants to sum the digits and verbally report the calculated value to
the experimenter. The numbers for the additive arithmetic problems were generated using
a random number generator. The list of the addition questions used in this experiment is
illustrated in Appendix G.
4.3.5. Procedure
The procedure of Experiment 2 was very similar to that of Experiment 1, as
mentioned in Chapter 3, section 3.3.5. The test protocol for Experiment 2 received
approval from the Human Subjects Committee of IRB of Mississippi State University.
Informed consent was obtained from all participants and the experimental instructions
were given to them prior to their participation. The same consent form as in the simulator
test of Experiment 1 was used in Experiment 2. The experimental instructions mainly
informed the participants to perform the simulated driving task as they normally would.
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The experimenter also introduced the hardware of the simulator for the participants to
familiarize with all the controls at the beginning.
Some other instructions that were not included in the consent form, as those shown
in Experiment 1, were also verbally presented to the participants. The experimenter
presented the instructions in relation to the mental arithmetic task in the experiment
before the start of the washout period. The instructions used for the secondary
mathematical task were, “In the next driving test, you will hear a list of mathematical
problems from the tape recorder while you are driving, for example 10+20. You would
have to tell me what is the total of the numbers as quick as you can. You will be presented
about 18 questions in a trial. The driving task would be your primary task, however, the
addition problems would be your secondary task”. The participants were required to
accomplish the mental additive arithmetic tasks while they were driving in the simulator.
Participants were asked to solve and verbally report the aurally presented mathematical
equations. A tape recorder placed in the experimental chamber was used to deliver 2-digit
numbers at intervals of 10 second.
The four experimental tasks were given to the participants followed by two practice
drives. The sequence of the experimental conditions for a participant in Experiment 2 is
depicted in Figure 12.
1st Practice
Drive

2nd Practice
Drive

3 minutes washout period

Highway
with MLT

City w/o
MLT

City with
MLT

Highway
w/o MLT

Presentation order of the four experimental drives
were randomized for the participants

Figure 12. Sequence of the practice drives, washout period, and the experimental
conditions for a participant in Experiment 2.
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Practice drive could provide the participants to familiarize the simulator hardware
and the driving in virtual environment. Washout period was inserted between successive
experimental drives in order to eliminate the carryover effect (see Chapter 3, section
3.3.5.). Each experimental drive lasted approximately 3 minutes. The presentation order
of the four experimental conditions was counterbalanced.
4.4 DATA ANALYSES
The methodology of data analyses used in Experiment 2 was identical to those used
in Experiment 1, see Chapter 3, section 3.4. The Kolmogorov-Simirnov goodness of fit
test was used to checking the assumption of normality. The parametric test was used for
the data that was assumed normality. However, both the nonparametric and the
parametric equivalent were used for the data that were not normally distributed. In
Experiment 2, the test of Spearman correlation test was performed to examine the
correlation between the objective measure (facial skin temperatures) and the
corresponding subjective assessment values (subjective mental workload ratings).
4.5. RESULTS
4.5.1. “Carry-over” Effect on Facial Temperatures
The experiment provided approximately 3 minutes for the participants to relax
between two consecutive trials. Analysis of the difference of the initial temperature across
all trials was performed to ensure that the residual from the previous trial was not carried
over to the subsequent trial.
The null hypothesis was accepted that mean initial forehead temperature were equal
between the 4 trials in the nonparametric Friedman test (χ2= 5.55, p= 0.1355) and the
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parametric repeated measures ANOVA (F(3,35)= 1.05, p= 0.3731). The forehead skin
temperature measured immediately pre-stimulus were not different among the trial
number.
The Friedman test (χ2= 1.1748, p= 0.7591) and the parametric one-way repeated
measures ANOVA (F(3,96)=0.39, p=0.7584) also indicated that differences in the response
of nose skin temperatures immediately prior to the start of the driving task for different
trial number were not different. The washout period between two consecutive trials was
assumed statistically long enough to recover the facial temperature of the participants for
the second measure. Carry over effect did not exist in the experiment as illustrated
graphically in Figure 13.
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Figure 13. Initial (at t=0) forehead and nose skin temperature for the four trial numbers.
4.5.2. Impact of Mental Workload on Facial Skin Temperature
None of the workload tasks had significant effect on forehead skin temperature that
participants’ forehead temperature remained very stable even after a 3-minute
experimental workload task was imposed on them (highway without MLT: χ2=0.0012,
p=0.7116; F(1,31)=0.14, p=0.7070; highway with MLT: χ2=1.0870, p=0.2971; F(1,31)=1.34,
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p=0.2552; city without MLT: χ2=1.1905, p=0.2752; F(1,31)=0.08, p=0.7766; city with MLT:
χ2= 3.5556, p= 0.0593; F(1,31)= 3.46, p= 0.0726). The initial and the final forehead skin
temperature for the 4 experimental conditions are illustrated in Figure 14.

Forehead Skin Temp (°C)

34.5
34.0
33.5

Initial (t=0)
Final (t=3)

33.0
32.5
32.0
Highway W/O
MLT

Highway With
MLT

City W/O MLT

City With MLT

Experimental Conditions

Figure 14. Forehead skin temperature remained stable after the 3-minute workload tasks
in all conditions.
Comparative analysis of nose temperature before and after tasks showed consistency
in all experimental conditions. The effect of experimental conditions on nose skin
temperature significantly lowered the nose temperature of the participants after 3-minute
task for all conditions. The analysis was performed by the means of the Friedman test and
the parametric repeated measures ANOVA (highway without MLT: χ2=13.1333,
p<0.0001; F(1,31)= 26.93, p<0.0001; highway with MLT: χ2= 28.1250, p<0.0001;
F(1,31)= 32.83, p<0.0001; city without MLT: χ2= 16.3333, p<0.0001; F(1,31)=26.53,
p<0.0001; city with MLT: χ2= 28.1250, p<0.0001; F(1,31)= 34.87, p<0.0001). The initial
and the final nose skin temperature for the 4 experimental conditions are depicted in
Figure 15. It showed that the final nose temperature was lower than the initial
temperature. Age had no significant effect on nose skin temperature change in all
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conditions (highway without MLT: χ2= 2.1084, p= 0.5502; F(1,31)= 1.14, p= 0.2931;
highway with MLT: χ2= 2.6342, p= 0.4515; F(1,31)= 0.93, p= 0.3425; city without MLT:
χ2= 2.5891, p= 0.4594; F(1,31)= 1.59, p= 0.2172; city with MLT: χ2= 3.3678, p= 0.3383;
F(1,31)= 1.71, p= 0.2008). Neither of the conditions had a significant interaction of
Time×Age (highway without MLT: F(1,31)= 3.85, p= 0.0587; highway with MLT:
F(1,31)= 0.33, p= 0.5682; city without MLT: F(1,31)= 0.44, p<0.5113; city with MLT:
F(1,31)=1.21, p<0.2800).

Nose Skin Temp (°C)

31.5
31.0
30.5

Initial (t=0)
Final (t=3)

30.0
29.5
29.0
Highway W/O
MLT

Highway With
MLT

City W/O MLT

City With MLT

Experimental Conditions

Figure 15. Nose skin temperature had significantly dropped after the 3-minute workload
tasks in all conditions.
After the exposure of experimental trial, participants’ nose temperature dropped in
an average of 0.32°C (30.96±3.06°C-30.66±2.91°C) for highway without MLT condition,
0.52°C (30.95±2.87°C-31.43±2.82°C) for highway with MLT condition, 0.34°C
(30.87±2.97°C-30.53±2.94°C)

for

city

without

MLT

condition,

and

0.56°C

(31.00±3.00°C-30.44±2.88°C) for city with MLT condition. Statistical analysis revealed
the significant difference of mean nose temperature drop between experimental
conditions (χ2=9.2039, p=0.0267; F(3,93)=4.07, p=0.0091<0.01). To determine grouping of
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means between the levels, post hoc Tukey’s HSD test was performed. The result depicted
that the effect of terrain did not engender significant difference on means. However, the
participants’ nose temperature had a significantly greater drop in experimental trials with
MLT than in those trials without MLT task, see Table 5. Age had no significant effect on
nose temperature drop (χ2= 10.0239, p= 0.1872; F(1,31)= 0.13, p= 0.7231). No significant
interaction of Condition×Age was found (F(3,93)=2.36, p=0.0764).
TABLE 5. The post hoc Tukey’s HSD test result for nose temperature drop
Alpha=0.05
Error Degrees of Freedom=93
Error Mean Square=0.129379
Means with the same letter are not significantly different
Experimental Condition
Mean Drop (°C) S.D. S.Err. N Tukey grouping
City with MLT
0.56
0.55
0.10
33
A
Highway with MLT
0.52
0.51
0.09
33
A
City W/O MLT
0.34
0.37
0.06
33
B
Highway W/O MLT
0.32
0.36
0.06
33
B
4.5.3. Subjective Mental Workload Measure - Modified Cooper-Harper
Participants rated the driving with arithmetic task as a higher mentally demanding
task in both city-like and highway-like environments than the drives without arithmetic
task (χ2=64.2378, p<0.0001; F(3,93)=48.02, p<0.0001). The subjective workload rating did
not significantly differ between the terrain conditions (city versus highway) as shown in
the Table 6, the result of post hoc Tukey’s HSD test.
TABLE 6. The post hoc Tukey’s HSD test result for mean MCH score
Alpha=0.05
Error Degrees of Freedom=93
Error Mean Square=1.759764
Means with the same letter are not significantly different
Experimental Condition
Mean MCH Score S.D. S.Err. N Tukey grouping
City with MLT
6.21
2.51 0.44 33
A
Highway with MLT
5.88
2.34
0.41 33
A
City W/O MLT
3.39
1.37 0.24 33
B
Highway W/O MLT
3.18
1.33 0.23 33
B
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Age had no significant effect on the workload rating (χ2= 0.8221, p= 0.3646;
F(1,31)= 0.82, p= 0.3721). No significant interaction of Condition×Age was found
(F(3,93)=0.63, p=0.5974).
4.5.4. Correlation Between Subjective Workload Rating and Physiological Measure
The Modified Cooper-Harper scale is known to be valid indicator of mental
workload. Correlation test was performed to compare this well-validated measure against
the psychophysiological measure proposed in this research in order to determine whether
the physiological measure parameter (the nose temperature change) is a valid indicator of
mental workload. A scatterplot (n= 132) illustrating nose temperature drop plotted as a
function of the MCH score is presented in Figure 16. The test result did not show a
significant correlation between the two measures (r=0.151, r2=0.0228, p=0.085; N=132).
3.5
Nose Temp Drop (°C)
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Figure 16. Nose temperature drop plotted as a function of the Modified Cooper-Harper
score (n=132).
The correlation analysis was also performed for the difference of the MCH score
between the with and without MLT conditions (with MLT score-without MLT score)
against the difference of the temperature change between the with and without MLT
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conditions (with MLT temperature change-without MLT temperature change). The result
showed no significant correlation (r= -0.198, r2= 0.039, p= 0.269; N= 33). A scatterplot
(n= 33) illustrating the difference of nose temperature drop plotted as a function of the

Difference of Nose Temp Drop (°C)

difference of MCH score is presented in Figure 17.
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Figure 17. The difference of nose temperature drop plotted as a function of the difference
of Modified Cooper-Harper score (n=33).
Evaluations of correlation for mentally loading task condition against the MCH
score and nose temperature drop were performed. Mentally loading task condition was
categorized as 0 and 1 representing without and with mental arithmetic test, respectively.
The MCH score was found to have a significant correlation with mentally loading task
condition (r= 0.604, r2= 0.365, p<0.0001; N= 132). The positive correlation coefficient
illustrated that without MLT conditions resulted in lower MCH score and with MLT
conditions resulted in higher MCH score.
In the correlation test for mentally loading task condition against nose temperature
drop, significant correlation was found (r=0.203, r2=0.041, p=0.019; N=132). The result
showed that without MLT condition induced smaller nose temperature drop and with
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MLT condition induced greater nose temperature drop.
4.6. DISCUSSION
The trial number did not have significant effect on the initial nose and forehead skin
temperature of the drivers. The initial nose and forehead skin temperature of each trial
was statistically the same. It indicated that the 3-minute washout period was long enough
for the temperature to recover. Statistical evidence supported the belief that no residual
was carried over to subsequent trials in this experiment.
The initial (before-task) nose temperature differed significantly from its final
(after-task) temperature after the experimental trial for all conditions. The hypothesis was
supported that the nose temperature significantly decreased after the performance of tasks.
Also, the result of Experiment 2 supported the hypothesis that the mean nose skin
temperature drop differed significantly between the no-loading-task and the loading-task
conditions. However, no significant difference of the mean temperature drop was shown
for highway versus city within each loading-task condition. The introduction of the
loading task was to increase mental workload in a controlled manner. Since all the
influential factors that could lead the skin temperature to change had been controlled, the
significant larger drop of drivers’ nose skin temperature could be ascribed to the larger
mental demand of driving with mentally loading task. Concordantly, the participants
rated significant higher subjective mental workload scores for driving with mentally
loading task. An increasing trend in the MCH ratings was associated with the temperature
drop of the participants for this experiment, as shown in Figure 18. However, a weak
correlation between the subjective and the objective measure was found.
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Figure 18. The subjective workload score and its corresponding nose temperature drop
for the 4 conditions.
The before-task forehead temperature did not differ from its after-task temperature.
In other words, the participants’ forehead temperature remained stable even after the
experimental task was imposed on them for all conditions. Age had no significant effect
on the subjective and the objective mental workload measure.
4.7. CONCLUSIONS
Within the scope of this research, a weak correlation between the subjective and the
objective workload measure was found. However, the results of Experiment 2 showed the
potential and the feasibility to assess mental workload objectively and non-intrusively by
using facial skin temperature change as indicator of workload. In the experiment, the
participants perceived higher subjective workload for drive with loading-task condition
and concordantly the physiological measure obtained larger nose temperature drop for
that condition. It showed the consistency of the change of the skin temperature with the
associated subjective mental workload rating.
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CHAPTER 5
EXPERIMENT 3. COMPARING MENTAL WORKLOAD
IN VEHICLE AND SIMULATOR
5.1. GENERAL OVERVIEW AND AIMS
The aim of Experiment 3 was to investigate the use of facial skin temperature
change for the indication of operator’s mental workload. The investigation was achieved
from the driving tasks carried out in instrumented car and driving simulator. The
examination of mental workload variation between on-road drive and in simulator was
also explored in the experiment.
5.2. HYPOTHESES
Experiment 3 was an investigation of the variation of mental workload level between
the driving tasks carried out in the actual motor vehicle and in the simulator. It was also
intended to examine the relationship of the facial skin temperature change with the valid
subjective mental workload scores. The hypotheses tested in Experiment 3 are shown as
follows.
•

Hypothesis 1: Drivers’ nose temperature would change after the experimental drives.

•

Hypothesis 2: Drivers’ forehead skin temperature would remain stable after the
driving tasks.

•

Hypothesis 3: A difference of subjective mental workload score would be found
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between the instrumented car and the simulated driving test.
•

Hypothesis 4: Nose temperature would have a larger change for the driving condition
that generates a higher subjective mental workload.

5.3. METHOD
5.3.1. Experimental Design
Experiment 3 used the data collected from the MCH group of experiment 1, the
simulator test, with those obtained from the instrumented car drive for the hypotheses
testing. This experiment was designed to investigate the relationship of the facial skin
temperature change with the subjective mental workload score in two different driving
media, instrumented car and simulator. The mental workload and the facial temperature
from the two driving media were also compared.
Experiment 3 was a one-factor design, with repeated measures on the factor. The
factor was Driving Media that comprised two levels, an instrumented car and simulator
drive. The experiment involved participants driving the instrumented car on a designated
route in Starkville, Mississippi. The instrumented car driving test in this experiment
adopted the basic characteristics of field experiment that real social structures were
enhanced for the study (Kerlinger, 1986; Belz, Robinson, & Casali, 2004). In field
experiment, basically, neither independent and extraneous variables nor the
randomization of experimental conditions were forced to particular configurations. It was
an attempt to increase the ecological value of the experiment by conducting the task in a
situation with highest degree of realism. For instance, traffic flow on the carriageway was
not manipulated for the instrumented car test of this experiment. Indeed, traffic flow
could not be controlled unless a test track was used in experiment. Field experiment,
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perhaps, provided a better linkage to realism and higher external validity as participants
were being measured in their natural environment (Belz, Robinson, & Casali, 2004).
5.3.2. Test Participants
The same fourteen participants from the MCH group of Experiment 1 served as
human-subjects for the instrumented car testing. However, one missing data set for a
participant occurred in the instrumented car testing. All the data from that participant was
excluded for data analysis in this experiment. Thus, only the data sets from the 13
participants, 9 males and 4 females, were used. Of the thirteen participants, 6 younger
participants ranged from 18 to 35 years (mean age= 25.7; S.D.= 5.2) and 7 older
participants ranged from 36 to 64 years (mean age=46.7; S.D.=6.4) were included. The
detailed information of the participants is described in Chapter 3, section 3.3.2.2. The
participants were paid at the rate of $30 for one hour or fraction of that for their
participation. All female participants reported that they were not pregnant when the
driving test was conducted.
5.3.3. Participant Screening
The participant screening process used was the same as was used in Experiment 1
and 2. It is described in Chapter 3, section 3.3.3.
5.3.4. Test Apparatus and Materials
5.3.4.1. Instrumented Car
The experimental vehicle used in this experiment was a Buick Rendezvous CX 2002
as shown in Figure 19. It was an automatic transmission sport-utility vehicle. The vehicle
had been equipped for on-road data collection and for safety purpose.
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Figure 19. The instrumented vehicle used in the on-road driving test.
It was outfitted with a thermal imaging camera and computers for the physiological
measure. A five point harness lap/shoulder belt restraint system was installed in the
vehicle. All participants were required to securely fasten the lap/should belt while driving.
An additional brake was installed on the passenger side of the vehicle to be used by the
experimenter to override the driver controls in emergency situation. A fire extinguisher, a
first aid kit, and a cellular phone were also carried in the vehicle throughout the
experiment, in case of an emergency. A magnetic plate showing “CAUTION: TEST
VEHICLE” was attached on both sides and rear door of the vehicle for the improvement
of alertness of other drivers on the road.
5.3.4.2. Driving Route
The experimental driving route was the main artery of Starkville, Mississippi. The
participants were asked to drive from the Engineering Research Park of Mississippi State
University to U.S. Highway 82 West, then merged U.S. Highway 12 West in the city
downtown, and back to the engineering research park. Route 82 is a two-lane, two-way
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highway with a 55 mph speed limit. Route 12 is a two-lane, two-way downtown
carriageway with speed limit of a combination of 35 and 45 mph.
5.3.4.3. Thermal Imaging Camera
The thermal imaging camera used for measuring participants’ facial temperature in
Experiment 3 was the same as was used in Experiment 1 and 2. It is described in Chapter
3, section 3.3.4.3. The non-intrusive measure allowed no hardware connection between
the camera and participants.
5.3.4.4. The Modified Cooper-Harper Scale
The Modified Cooper-Harper scale questionnaire was employed for the assessment
of the perceived mental workload in the instrumented car testing. The questionnaire used
was the same as used in Experiment 1 and 2. It is described in Chapter 3, section 3.3.4.5.
5.3.5. Procedure
All the participants completed a consent form for the instrumented car investigation
and read the experimental instructions. The instructions informed the participants to drive
as they normally would. The experimenter also informed them of the driving route before
starting. All participants performed the on-road driving test followed by the completion
of the simulator drive. A short break was allowed for the participants before they drove in
the car. The participants had been waiting in the compartment for approximately 5-10
minutes prior to the instrumented car drive began. It led participants’ bodies to
accommodate to the ambient temperature of the compartment.
Two trained experimenters were present in the instrumented car with the participant
during the driving test to assist in the data-gathering process and to help ensure the safe
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operation of the experimental vehicle. The experimenter sat in the front passenger seat of
the vehicle and would tell the participants the directions to drive. Another experimenter
sat in the back seat of the vehicle to assist in the process of data recording. The
experimenter delivered the Modified Cooper-Harper scale questionnaires to the
participants after 20 minutes and at the end of the drive.
The on-road driving experiment took place from 9:00 a.m. to 4:30 p.m. The drive
lasted approximately 45 minutes for a participant from the time he/she left the research
center until his/her return. The experiments were carried out in clear weather.
5.4. DATA ANALYSES
Data analyses used in Experiment 3 was basically identical to those in Experiment 1
and 2, as mentioned in Chapter 3, section 3.4. The Kolmogorov-Simirnov goodness of fit
test was used to checking the assumption of normality. To detect the significant change of
facial temperature after the drive, the experiment used a paired t-test to analyze the
differences between the initial and the final temperature for parametric test, or used the
Wilcoxon Matched-Pairs Signed Rank test for nonparametric test. These data analysis
methods were also used to compare the significant differences between the simulator test
and the instrumented car drive.
5.5 RESULTS
5.5.1. The Modified Cooper-Harper Scores
Subjective MCH workload scores indicated a significant difference between
simulator test and real-vehicle drive (S= 33.5, p= 0.0054<0.01; t= 3.35, p= 0.0058<0.01).
The mean subjective workload scores were: simulator= 4.05 (S.D.= 1.42; S.Err.= 0.39;
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N=13) versus vehicle=2.35 (S.D.=1.45; S.Err.=0.40; N=13). From the definitions of the
MCH questionnaire, workload score is equal to 4 representing “Moderately high operator
mental effort is required to attain adequate system performance” and workload score is
equal to 2 representing “Operator mental effort is low and desired performance is
attainable”.
5.5.2. Ambient Temperature
The inside temperature (ambient temperature) of the vehicle during the data
collection period were obtained. The parametric paired t-test indicated that no significant
difference was found between the initial and the final ambient temperature of the
data-collecting period (t= 0.81, p= 0.44). The obtained average ambient temperature was
approximately 22.9°C (S.D.= 1.78; S.Err.= 0.49) for the same period that the facial
temperatures were collected. The analysis of the relationship between facial skin
temperature change and the environmental temperature was performed. The correlation
test indicated that the inside temperature of the vehicle was unrelated to the changes of
nose (r2=0.043) and of forehead (r2=0.021) temperatures.
5.5.3. Impact of Mental Workload on Facial Skin Temperature
The initial forehead temperature did not significantly differ from its final
temperature after the real vehicle driving task (S=13, p=0.14 and t=1.17, p=0.2643). The
forehead temperature demonstrated its stability in different work or task environment.
The parametric paired t-test was allowed to use for the data set (KS GoF test:
D= 0.23, p= 0.064). The result indicated that the initial nose skin temperature was not
significantly different to its final temperature after the real vehicle driving task (t=-1.78,
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p= 0.0998). The nose temperature variation after task for the simulator drive was
significantly different to the real vehicle drive (S= 43.5, p= 0.0007<0.001; t= 4.68,
p=0.0005<0.001). The mean of the nose temperature change was: simulator drive=0.47°C
(S.D.= 0.32; S.Err.= 0.09; N= 13) versus real vehicle drive= -0.12°C (S.D.= 0.25;
S.Err.=0.07; N=13). The simulator drive induced an average decrease in nose temperature
by 0.47°C; whereas the nose temperature increased 0.12°C after the real vehicle drive.
5.5.4. Correlation Between Subjective Workload Rating and Physiological Measure
The Spearman correlation test for the subjective Modified Cooper-Harper score
against the nose temperature drop of the two driving media was performed. A significant
correlation between the two measures was found (r=0.431, r2=0.186, p=0.028; N=26). A
scatterplot (n=26) illustrating mean nose temperature drop plotted as a function of mean
MCH score is presented in Figure 20.
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Figure 20. Mean nose temperature drop plotted as a function of mean Modified
Cooper-Harper score (n=26).
The correlation analysis was also performed for the difference of the MCH score
between the simulator and instrumented car conditions (simulator score minus
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instrumented car score) against the difference of the temperature change between the
simulator and instrumented car conditions (simulator temperature change minus
instrumented car temperature change). No significant correlation was found between the
difference of the MCH score and the difference of the temperature difference (r=-0.0511,
r2= 0.026, p= 0.87; N= 13). A scatterplot (n= 13) illustrating the difference of nose
temperature drop plotted as a function of the difference of the MCH score is presented in
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Figure 21. The difference of nose temperature drop plotted as a function of the difference
of the Modified Cooper-Harper score (n=13).
5.6. DISCUSSION
According to Rasmussen’s SRK cognitive control model (1983), driving a car on
roads, generally, is a task at skill-based level. For instance, moving the foot to apply the
brake on a vehicle in response to the onset of a red traffic light is a skill-based behavior
(Wickens & Hollands, 2000; pp. 337). Skill-based behavior required minimum resource
for the responses to the stimuli with a relatively high degree of automaticity. Referring to
the definition of Wickens (1979), mental workload was defined in terms of the human
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processing resources. Since the on-road driving task was at skill-based level that minimal
resource was needed, the drivers were expected to perceive a low level of mental
workload for the task. Resulting in a low mental workload level in such case may be due
to that the participants: were required to perform an usual driving task in an usual
environment (a typical car) that they are experienced with, had acquaintance with the
driving vicinity and experienced no unexpected episode during the drive, and had a large
amount of practice for driving, as they reported. All those features could provoke
skill-based behavior.
However, simulator drive led to a higher workload level that may be attributed to the
influential factors that exists in virtual reality driving. Driving simulator technology is a
technique of virtual reality that artificial virtual environment (VE) allows human-vehicle
interaction (Or & Duffy, 2004). People perceived objects differently in virtual
environment that could be ascribed to many factors. Lau, Or, and Duffy (2004) examined
the human perception of safe operating speed of virtual industrial robots. The study
revealed that the participants perceived a higher safe operating speed of robots in VE.
The lower safe operating speed was perceived in real industrial workplace. A different
safe robot speed was perceived in VE may due to the lack of a high degree of spatial cues.
The evidences demonstrated the phenomenon that human perception in VE can differ
from that in reality. Also, in the investigation for the usability of VE revealed that users
can experience difficulty with navigation and spatial orientation in virtual world
compared with the interaction in real-world context (Kaur et al., 1999). In the context of
automotive driving, the perception of objects in virtual driving environment is function of
the quantity and quality of visual and auditory cues, haptic and kinesthetic feedbacks (see
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Or & Duffy, 2004), and other factors such as individual differences. Unfortunately, in this
experiment, the desktop based driving simulator did not provide a high degree of haptic
feedback and visual cue for the drivers to perform the driving tasks. The participants were
experiencing difficulty to carry out the task without the feedback and the cue in simulator
that they expected to experience based upon their stereotypes in realism. This may be the
reason to contribute high mental workload in simulated drive.
The participants rated a significantly higher mental workload level for simulator
drive compared with real-car driving test can also be ascribed to the simulated driving
architecture. The driving simulator used in this research was a low-fidelity simulator.
Side views were not available for the drivers to acquire a more effective view for turning
that increased the task difficulty especially in the maneuver with curves. The maneuvers
for simulator drive encompassed a pedestrian walked across the road unexpectedly, four
90 degree turns at the intersections, and a steep downward slope at a very sharp S-curve.
Nearly all the participants suffered from those elements during the drive.
The motivation of this research was to determine whether the facial temperature
change is valid as an indicator of mental workload change. The well-established metric of
mental workload (the MCH scale) was sensitive to detect the perceived workload
differences between the simulated test and the instrumented car drive. The physiological
metric, the nose temperature change, was also included to detect the mental workload
changes of the drivers non-intrusively for the two different driving media. The empirical
result revealed that the high workload condition (simulator) provoked a greater nose
temperature drop and the low workload condition (instrumented car) caused a smaller
change of nose temperature. The experimental result showed a strong trend between the
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mean facial temperature change and the mean perceived workload scores for both the
simulator and instrumented car tests. A significant correlation of the nose temperature
change with the subjective workload score was found. With the aforementioned
discussion, the participants rated a significantly higher workload score for the simulated
drive. Concordantly, the nose temperature exhibited a significantly larger drop for the
experimental driving conducted in the simulator, as shown in Figure 22.
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Figure 22. The subjective workload score and its corresponding nose temperature drop
for the simulated and the instrumented car driving tests.
In the simulator environment, the ambient temperature was well controlled by air
conditioning. In the field study conducted in the instrumented car environment, the
ambient temperature was unrelated to the nose temperature change (r2=0.043). Hence, it
could be concluded that the variation in nose temperature change was not due to the
variation of the ambient temperature for both the environments. Without any other
confounding factors, it seems that the resulted larger change of nose temperature in the
simulator environment was due to a larger degree of mental workload experienced by the
participants. Human facial skin temperature varies with the change of mental workload is
possibly due to the change of activities of the autonomic nervous system, as described in
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Chapter 2, section 2.4.
5.7. CONCLUSIONS
The testing of the use of facial skin temperature change to indicate mental workload
was performed in the simulated and also in the real car on-road drive in Experiment 3.
The drivers perceived higher workload for the simulated drive was ascribed to the poor
hardware mechanism of the simulator used in this research. The lack of sensitivity of the
steering wheel and the absence of the side views, or visual cues, for turning mainly
contributed to high workload. The real car on-road drive had less workload was due to
the high familiarity and experiencing of driving in realism. Presumably the physiological
measure used in this study effectively distinguished the mental workload between the
simulator and on-road drive. The subjective workload score was concordant with the
facial temperature drop that the simulator test caused a larger temperature drop and a
higher subjective workload rating.
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CHAPTER 6
GENERAL DISCUSSION AND CONCLUSIONS
Several studies demonstrated that nose skin temperature could be used as an
indicator of mental stress (Genno, Ishikawa, Kanbara, & Kikumoto, 1997; Mizukami et
al., 1987; Naemura et al., 1993). However, the correlation of facial temperature change
with a well-validated workload measure has not yet been addressed in the literature. This
present study is the first attempt to establish the relationship between the validated
subjective workload and facial temperature change.
The findings of the present study give support to the similar phenomenon to the
studies of Genno, Ishikawa, Kanbara, and Kikumoto (1997), Mizukami et al. (1987), and
Naemura et al. (1993). The present research demonstrated that the nose skin temperature
drop of the participants was possibly due to the imposed mental workload of the driving
task. The nose temperature decrease could be a function of mental workload level being
increased. In Experiment 2, the correlation between the nose skin temperature drop and
the subjective workload score was positive but insignificant. However, the result of
Experiment 3 revealed that nose temperature drop significantly correlated with the
subjective workload score. Moreover, the present finding demonstrated the stability of
forehead skin temperature in which the temperature did not change even after the
completion of the experimental tasks.
Further investigation is recommended for the validation of the psychophysiological
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measure developed in this study. The uni-dimensional MCH scale used in this research
may not be the best to describe the mental workload of the drivers. The more superior
multi-dimensional NASA TLX rating and other promising physiological measures such
as heart rate variability are suggested to use as validation measures for future work. The
further investigation may use a manual tracking task or the combination of manual
tracking and gauge monitoring task as the workload task. An example of the computer
interface of a manual tracking and gauge monitoring task is shown in Figure 23.

Figure 23. A screen snapshot of the computer interface of a manual tracking and gauge
monitoring task.
Task complexity could be manipulated by altering the tracking from velocity control
to acceleration control or/and by the introduction of a gauge monitoring task as a
secondary task. The other issue of the present study is that the levels of the workload
67

tasks were in the range of approximately 3 to 5, 3 to 6, and 2 to 4 (from the results) of the
Modified Cooper-Harper Scale. It is recommended that future investigation for the
proposed psychophysiological measure requires the use of a workload task with multiple
levels in which a wider range is provided between two levels. A higher resolution of
subjective workload measure, such as NASA TLX, is suggested for use, in order to
acquire a better understanding for the perceived workload associated with the tasks.
Human experiencing mental workload provoked their facial temperature to drop or
to increase that was probably due to the constriction or dilation of the blood vessels that
interfere the blood flow in the areas in which the activities of the blood vessels were
mediated by the autonomic nervous system (Drummond et al., 2003; Pavlidis & Levine,
2002; Genno, Ishikawa, Kanbara, & Kikumoto, 1997; Trujillo, 1998; Naemura et al.,
1993; Mizukami et al., 1987).
A non-contact method to monitor the emitted infrared radiation from human skin
must be used to accurately measure human skin, since most of the heat dissipation of skin
is by infrared blackbody emission (Anbar et al., 1998). The present study successfully
employed infrared thermography technology to measure the participants’ facial skin
temperature without physical contact between the instrument and human body for the
assessment of mental workload. Assessing the changes in the facial temperature to
evaluate the workload caused by a mental activity provides a means for the examination
in psychological research. One of the commonly used physiological methods to measure
the workload in psychological research is to monitor the pupillary response patterns. To
adopt both the pupillary response and the facial skin temperature change to indicate
mental workload could benefit the research since one of the measures could be used as a
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complement for the result. Although the approach of pupillometry to study the workload
is reliable, it is problematic when the participants have excessive head movement in
performing a task (especially if the tasks are administered outside the laboratory
environment) in which the unwanted movement would affect the quality of the data. Due
to the excessive head movements of the participants, the calibration of the eyetracking
camera for the measurement of pupillary diameter is necessary between experimental
conditions in order to retain the quality of the data. If participants moved excessively at
the beginning of a condition, the latter data of that condition would lose certain degree of
accuracy and reliability due to the existence of the deviation from the calibration. Some
pupillometric studies require the stabilization of the participants’ head by using a chin and
forehead rest. The stabilization restrains the body movements other than the head of the
participants to perform the tasks, for instance, an on-road driving task.
Actual or potential applications of this research include the real-time measurement
of mental workload non-intrusively. Using thermography to accomplish the proposed
workload measure provides a highly automated and flexible means to objectively
evaluate the workload when comparing to other physiological measures. This can lead to
improvements in design for adaptive automation or in the development for human-system
interaction. Operator’s mental workload could be reduced by means of an adaptive
human-system interface. By knowing when to provide assistance with an adaptive
interface or automation, the excessive workload imposed to the operator would be
relieved with consequent less likelihood of human errors.
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APPENDIX B
TELEPHONE SCREENING QUESTIONNAIRE
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Participant #

____________

APPENDIX B: PRELIMINARY TELEPHONE SCREENING
QUESTIONNAIRE
Participant’s Name: ___________________________
Subject No.: ___________________________
------------------------------------------------------------------------------------------------------tear off to separate participant name from subsequent information

APPENDIX B: PRELIMINARY TELEPHONE SCREENING
QUESTIONNAIRE
Subject No.: ____________________
Age: ____________________
Education level: ____________________
Participant’s Phone: ____________________
Male/Female: ____________________
Pass/Fail: ______
ADMINISTERED BY PHONE
NOTE TO INTERVIEWER: Ask the participant the following questions and record
his/her responses. Participants are required to have a valid driver’s license and drive
at least twice a week.
PHONE INTERVIEWER: As part of the study, I need to ask you a few questions.
Your answers will determine your eligibility for this study. This data will not be
associated with your name, and will be treated confidentially.
1)

Do you have a valid driver’s license?
______ Yes/No

2)

How many times per week do you drive in Starkville or the surrounding area?
4 +X
2 -3 X
1X
<1X

3)

Approximately how many miles do you drive per year?
1 ___ Under 2,000
2 ___ 2,000 - 7,999
3 ___ 8,000 - 12,999
4 ___ 13,000 - 19,999
5 ___ 20,000 or more
78

Do you have automobile insurance?
______ Yes/No

4)

Have you had any moving violations within the last year? Yes or No.

5)

Have you had any accidents within the last year? Yes or No.
Please answer the following Yes or No questions.

6)

Have you had seizures in the past two years or are you currently on medications
for seizures?
______

7)

Do you have epilepsy?

______

8)

Are you prone to motion sickness?

______

9)

Do you get motion sick easily?

______

10) Do you have heart problems?

______

11) Do you have carpal tunnel syndrome?

______

12) Are you an insulin-dependent diabetic?

______

13) Are you pregnant?

______

Please note that there will be a pregnancy screening for all women subjects who will
participate the in-vehicle testing before the experiment.
14) Do you think you could possibly be pregnant?

______

PHONE INTERVIEWER:
If the answer to any of the above questions 6-14 is yes, the caller will be told they
will not be able to participate in the testing. We will inform the caller that we will
discard/destroy the information they provided.
NOTIFICATION:
The testing will take place on two consecutive days. We expect the tests in the
simulators will take approximately 2 hours and the vehicle testing will take
approximately 45min. Male subjects will do ‘simulator’ testing on day one and
‘in-vehicle’ testing on day 2. Female subjects will do simulator testing on day one
and will need to verify that you are not pregnant (or can not be pregnant) prior to the
‘in-vehicle’ testing on day two. You will be able to go for a free pregnancy test on
day two (you may be provided with paperwork to make sure the results stay
anonymous and will also ensure you will not be billed). If for some reason you can
not be pregnant, it is sufficient for you to bring a note from your doctor to that effect.
You will be paid for your time up to an additional ¾ hr for the pregnancy test.
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If passes...Now I’d like to schedule a time when you can come to the Center for the
study*.
If fails...Thanks for your time; unfortunately you do not qualify for this particular
study. Would you be interested on being put on a participant list for future studies?
* SCHEDULE A TIME DATE AND TIME ________________________________
PHONE INTERVIEWER: Also, since you will be driving a car, I need to ask you to
refrain from drinking any alcohol for the 24 hrs before the experiment. Is this all right
with you?
YES____ NO____
Thank you, I’ll see you (DATE and TIME). Let me provide you with directions to the
Center ....
(Valid drivers for the in-vehicle testing should have a valid drivers license, insurance,
and should drive 2x per week minimum).
Subject No.: _______________________
Drivers License No.: _______________________
_______________

Expiration date:

Driver Restrictions: _______________________
Social Security Number: _______________________
Investigator Signature: _______________________
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Date: _______________
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81

82

83

APPENDIX D
NASA TASK LOAD INDEX (TLX) QUESTIONNAIRE
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NASA-TLX RATING SCALE DEFINITIONS
Title

Endpoints

Descriptions

MENTAL DEMAND

Low/High

How much mental and perceptual activity
was required (e.g. thinking, deciding,
calculating, remembering, looking,
searching, etc.)? Was the task easy or
demanding, simple or complex, exacting or
forgiving?

PHYSICAL DEMAND

Low/High

How much physical activity was required
(e.g. pushing, pulling, turning, controlling,
activating, etc.)? Was the task easy or
demanding, slow or brisk, slack or strenuous,
restful or laborious?

TEMPORAL DEMAND

Low/High

How much time pressure did you feel due to
the rate or pace at which the tasks or task
elements occurred? Was the pace slow and
leisurely or rapid and frantic?

PERFORMANCE

Low/High

How successful do you think you were in
accomplishing the goals of the task set by
the experimenter (or yourself)? How satisfied
were you with your performance in
accomplishing these goals?

EFFORT

Low/High

How hard did you have to work (mentally and
physically) to accomplish your level of
performance?

FRUSTRATION LEVEL

Low/High

How insecure, discouraged, irritated,
stressed and annoyed versus secure,
gratified, content, relaxed and complacent
did you feel during the task?
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Please mark an ‘X’ to indicate your rating of each subscale
NAME

TASK

DATE

TASK LOADING INDEX
Mental Demand

How mentally demanding was the task?

Very Low

Physical Demand

Very High

How physically demanding was the task?

Very Low

Temporal Demand

Very High

How hurried or rushed was the pace of the task?

Very Low

Performance

Very High

How successful were you in accomplishing what you were
asked to do?

Perfect

Effort

Failure

How hard did you have to work to accomplish your level of
performance?

Very Low

Frustration

Very High

How insecure, discouraged, irritated and annoyed were
you?

Very Low

Very High
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Please circle a subscale of each pair that contributed more to the workload of the task
Temporal Demand

Performance

Effort

Frustration

Physical Demand

Performance

Mental Demand

Performance

Mental Demand

Temporal Demand

Frustration

Performance

Mental Demand

Physical Demand

Frustration

Mental Demand

Performance

Effort

Physical Demand

Effort

Physical Demand

Temporal Demand

Effort

Temporal Demand

Frustration

Temporal Demand

Mental Demand

Effort

Physical Demand

Frustration
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THE MODIFIED COOPER-HARPER SCALE
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The Modified Cooper-Harper Scale

From Wierwille, W.W., & Casali, J.G., A validated rating scale for global mental
workload measurement application. In Proceedings of the Human Factors Society 27th
Annual Meeting, 1983, pp. 129-133. Santa Monica, CA: Human Factors Society.
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Consent Form
You are invited to participate in a study entitled “Driving with Enhanced Controls” conducted
by Dr. Vince Duffy, Dr. Jason McCarley and Zach Rowland, Mississippi State University.
You will need to have a valid drivers license and vehicle insurance in order to participate.
Purpose of the Research
The enhanced or ‘by-wire’ controls are expected to improve driver braking response time and
these have the potential to reduce the chance of an accident. Simulator testing will test a wide
range of driving conditions. However, the controls are unique to full production vehicles.
We would hope to use objective measures of the differences and subjective measures of
preferences with regard to the enhanced controls. 100 people will participate in this
experiment.
Expected benefits of the research
In this study two new designs for enhanced braking control will be compared to the more
traditional foot pedal braking control. Confirmation that enhanced controls allows drivers to
brake faster or more accurately would provide safety and economic benefits to drivers,
passengers, pedestrians, car manufacturers, insurers, and others. Conversely, the discovery
that enhanced controls degrade the control of braking or otherwise interfere with driving
performance would help to prevent the dissemination of potentially unsafe designs. The new
designs are intended to improve driving performance in terms of speed of braking response.
The experiment will require you to participate in two experimental sessions. The simulator
session will be approximately 2 hour. The in-vehicle session will be approximately 45
minutes. You will be paid $30.00 per hour or fraction of an hour for your participation. You
are free to withdraw consent and discontinue the experiment at any time without penalty.
Should you withdraw you will still be reimbursed $30.00 for each hour or fraction of an hour
that you have participated. If you choose to withdraw from the experiment early, none of the
data that you provide will be used. A bonus of $10.00 will be given for those whose
performance ranks for the top 25% of the experiments.
Simulator Testing (One session, 2 hours)
The experiment will first require you to perform a simulated driving task on a desktop
computer. Each subject will be asked to complete the experimental sessions in addition to the
initial test drive in the simulator. The simulated driving task will require the subject to
navigate through a simulated environment by following a “lead car” at a specified distance.
The lead car will vary its speed, and will occasionally brake suddenly. Additionally, road
obstacles will occasionally appear suddenly. So as to avoid the possibility of emotional
distress, these obstacles will always be inanimate objects (e.g., balls), not animals or people.
Of primary interest in the study will be the comparison of the drivers performance (e.g.,
braking times, braking distances, lane keeping) as a function of the braking control system.
You will be asked to use the brake in various driving conditions including rural, highway and
city. Test of the grip task of the steering wheel mounted brake will also be conducted in the
simulator testing. In addition, you will have the opportunity to try various vehicle
conditions including the enhanced braking alone, enhanced with conventional braking and
conventional braking alone.
Please note that this simulated driving task may make cause dizziness, nausea, vomiting,
headache, or other physical discomfort. If you are predisposed to or have a history of motion
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sickness or the symptoms of motion sickness (dizziness, nausea, vomiting, headache), you are
advised not to participate in this study. You will receive no direct benefit from the study
other than the reimbursement that you are paid for participating.
In-vehicle Testing (One session, approximately 45 minutes)
In the study, you will be asked to perform specific in-car tasks as you drive inside the MSU
Research Park (Rural), then on Route 82 East briefly toward Columbus and back (Highway),
then West on Highway 12 beginning past Jackson Street and back. Two trained
experimenters will ride in the research vehicle with you during the experiment to assist in the
data-gathering process and to help ensure the safe operation of the experimental vehicle. It is
your responsibility as the driver to obey all traffic regulations and to maintain safe operations
of the vehicle at all times. You must treat the driving task as the primary task and perform the
other instructed task only when it is safe to do so. You will be required to have the
lap/shoulder belt restraint system securely fastened while driving. The experimental vehicle is
a late model American car. The car is equipped with an automatic transmission. The vehicle
is also outfitted with devices designed to monitor various relevant aspects of your driving
behavior (for example, thermography cameras and computers). These measurement devices
do not require that your attention be diverted from the driving task. All equipment will be
placed in the vehicle and secured such that it will not present a hazard. Also, a fire
extinguisher, a first aid kit, and a cellular phone will be carried in the vehicle at all times, in
case of an emergency. Please note that the driver’s side airbag is inoperative. But an
extra-strength seatbelt system is installed to the driver’s side to compensate for the lack of an
airbag. For all female subjects, a pregnancy screening will be given before the testing and
those who are pregnant will be excluded definitely. The study will consist of four
experimental stages. The experiment will proceed as follows.

Introductory Stage

This stage consists of preliminaries. You will thoroughly read the informed consent form.
Assuming that you sign the informed consent form, we will ask you to fill out a brief medical
screening questionnaire. Next, we will give you a simple vision test and we will also ask to
see your driver’s license. Once you successfully complete all preliminaries, we will begin
your training. The first stage is expected to last about 5-10 minutes.

Training Stage

We will take you to the research vehicle where we will train you on the use of the simulator
and may include the enhanced braking system. Since the instrument panels and controls may
differ from the vehicle you normally drive, it is necessary to train you briefly on basic
in-vehicle controls. This stage should take approximately 5-10 minutes.

Driving Stage

After a short rest break, you will begin driving the vehicle on a pre-selected route and will be
asked to begin performing a series of instructed in-vehicle tasks. The driving stage will
alternate between periods of regular driving and driving while performing the various tasks
for which you have been trained. This stage is expected to last approximately 45 minutes
depending on the amount of re-training required. At the end of the drive you will return to the
Center for Advanced Vehicular Systems.
Debriefing and Payment Stage
On returning to CAVS upon completion of testing, you will be asked to read and complete
some brief questionnaires regarding your subjective response to testing. Then you will be
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debriefed, paid and dismissed. This stage should take about 10 minutes. Your total
participation time will be approximately three hours over two days, but may be somewhat
shorter or longer depending on the length of rest breaks and amount of training needed. If
during the study you feel that you cannot continue for any reason, you have the right to
terminate your participation; you will be paid for the amount of time you participated. This
includes the right to withdraw at any time after having read and signed the informed consent
form. If you withdraw during the driving stage, the experimenter will take over the driving
and return you to the Center for Advanced Vehicular Systems. If you have any questions
about the experiment or your rights as a participant after reading the informed consent form,
please do not hesitate to ask. We will answer your questions as openly and honestly as
possible. You will be paid in cash upon completion of the debriefing.
There are some risks and discomforts to which subjects are exposed in volunteering for this
in-vehicle driving research. The risks are:
(1) The risk of an accident normally associated with driving an automobile in light or
moderate traffic, as well as on straight and curved roadways. (2) The slight additional risk of
an accident while performing instructed in-vehicle tasks. Past research indicates that this risk
is minimal. (3) Possible fatigue due to the length of the experiment. However, you will be
given short rest breaks during the experimental session. (4) While you are driving the vehicle,
you will be monitored by thermography cameras for changes in facial temperature. The
camera will be placed in the vehicle below the lowest point on the windshield inside the
vehicle. If this at any time during the course of the experiment impairs your ability to drive
the vehicle safely, you should notify the experimenter.
The following precautions will be taken to ensure minimal risk to the subjects:
(1) The experimenter will monitor your driving, and will ask you to stop if he feels the risks
are too great to continue. However, as long as you are driving the research vehicle, it remains
your responsibility to drive in a safe, legal manner. (2) You will be required to wear the lap
and shoulder belt restraint system anytime the car is on the road. The vehicle is also equipped
with a driver's side airbag supplemental restraint system. (3) The vehicle is equipped with a
fire extinguisher, first-aid kit, cellular phone, an experimenter’s safety brake pedal, and an
emergency power off switch for the enhanced brake. (4) If an accident does occur, the
experimenter will arrange medical transportation to a nearby hospital emergency room. You
will be required to undergo examination by medical personnel in the emergency room.
While there are no direct benefits to you from this research (other than payment), you may
find the in-vehicle driving experiment interesting. No promise or guarantee of benefits has
been made to encourage you to participate. Your participation, along with that of the other
volunteers, should make it possible to improve the design of in-vehicle systems.
Improvements in the design of automotive in-vehicle systems may have a significant impact
on driving safety, system usability, and consumer satisfaction.
Of primary interest in the study will be the comparison of the drivers performance (e.g.,
braking times, braking distances, lane keeping) as a function of the braking control system.
Of secondary interest are variables such as mental workload and situation awareness. You
will be asked to use the brake in various driving conditions including rural, highway and city.
In addition, you will have the opportunity to try various vehicle conditions including the
enhanced braking alone, enhanced with conventional braking and conventional braking alone.
The data gathered in the in-vehicle portion of this experiment will also be treated with
confidentiality. Shortly after you have participated, your name will be separated from your
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data. A coding scheme will be employed to identify your data by gender and subject number
only (e.g., Male, Subject No. 3). The information and computer files will be stored for three
years. At no time will the researchers release the information from the study to anyone
other than individuals working on the project without your written consent.
Approval of Research
This research project has been approved, as required by the Institutional Review Board for
Research Involving Human Subjects at Mississippi State University and General Motors, the
Department of Industrial Engineering, and the Center for Advanced Vehicular Systems.
Participant’s Responsibilities
I voluntarily agree to participate in this study. I have the following responsibilities: (1) I
should not volunteer for participation in this research if I am younger than 18 years of age or
older than 64, if I do not have a valid driver's license, or if I am not in good health, or if I am
pregnant. (2) I should not take part in the driving task if I have taken any drug, alcoholic
beverage, or medication within the previous 24 hours which might affect my ability to safely
operate an automobile. It is my responsibility to inform the experimenters of any additional
conditions which might interfere with my ability to drive. Such conditions would include
inadequate sleep, hangover, headache, cold symptoms, depression, allergies, emotional upset,
visual or hearing impairment, seizures (fits), nerve or muscle disease, or other similar
conditions. (3) As the driver of the research vehicle, I must obey all traffic regulations and
maintain safe operation of the vehicles at all times. I will treat the driving task as the primary
task and perform the other instructed tasks only when it is safe to do so.
Audio data will be collected during the debriefing which will give participants the chance to
comment on their testing experience. In addition, the sponsor has been requested video data
of hands, feet & roadway as to be presented as synchronized digital video during the
presentation of results in January 2004.
Protection of Identity
Information that we collect from you will be assigned a random identification code. Records
will be kept linking your name to this code only until your participation in the experiment has
ended. After your participation in the experiment has finished, the records linking your name
to the data will be destroyed and your data will be anonymous. Information gathered in this
study published or otherwise disclosed to any persons other than Drs. Duffy. or McCarley or
their collaborators will be anonymous.
Additional Information
The experiment may involve risks to the subject that are currently unforeseeable to the
subject or embryo (if the subject is pregnant). If you have any history of heart problems,
carpal tunnel syndrome or epilepsy, or if you are pregnant or if there is any possibility you
could be pregnant you are not permitted to participate.
For additional information regarding human participation in research, you may contact the
Mississippi State Regulatory Compliance Office at (662) 325 0994.
The investigators will answer any questions you have regarding the purpose or outcome of
the study. However, answers which may influence the study’s outcome will be deferred until
the end of the experiment. Should I have any questions about this research or its conduct, I
may contact the investigators. You may reach Dr. Vince Duffy through the Industrial
Engineering Department at (662) 325-1677, You may reach Dr. Jason McCarley through the
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Psychology Department at (662) 325-3202, or directly at (662) 325-1146 or Zach Rowland
through the Center for Advanced Vehicular Systems (662) 325-1607.

Those who may have some difficulty or sickness after returning home can
call Dr. Duffy at work 1-662-325-1677 or at home 1-662-338-1979.
I have read and understand the Informed Consent and conditions of this research project. I
have had all my questions answered. I hereby acknowledge the above and give my voluntary
consent for participation in this project. If I participate, I may withdraw at any time without
penalty. I agree to abide by the rules of this research project.
I understand the above information, and voluntarily consent to participate in the experiment
entitled “Driving with Enhanced Controls”. I have been given a copy of this consent form
for my records.
Participants Signature: ________________________________ Date: __________________
Subject No.: ________________________________
----------------------------------------------------------------------------------------------------------------(note to experimenter) Separate the bottom and attach to the separated piece of Appendix F
Subject No.: ________________________________
Drivers license Number: ________________________________
Drivers License No.: _________________________

Expiration date: ___________

Driver Restrictions: ________________________________
Social Security Number: ________________________________
Investigator Signature ___________________________ Date: __________________
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THE MENTAL ARITHMETIC TEST QUESTIONS
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The Mental Addition Problem for Experiment 2
#

Correct Answer

1.

Addition
Problem
13+24

37

Yes / No

2.

20+35

55

Yes / No

3.

36+47

83

Yes / No

4.

15+23

38

Yes / No

5.

23+36

59

Yes / No

6.

38+43

81

Yes / No

7.

16+22

38

Yes / No

8.

23+34

57

Yes / No

9.

37+46

83

Yes / No

10.

14+22

36

Yes / No

11.

23+35

58

Yes / No

12.

35+49

84

Yes / No

13.

12+23

35

Yes / No

14.

21+34

55

Yes / No

15.

39+43

82

Yes / No

16.

17+21

38

Yes / No

17.

27+32

59

Yes / No

18.

36+47

83

Yes / No
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Subject’s response

Correctness
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SAS OUTPUTS
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Source
age
Error

Source
time
time*age
Error(time)

Source
age
Err or

Source
time
time*age
Error(time)

Exp1.NASA(Parametric)City.Init.Final.FH
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.00800000
0.00800000
0.01
8
6.91400000
0.86425000
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.03200000
0.03200000
3.66
1
0.00800000
0.00800000
0.91
8
0.0700000 0
0.00875000

Exp1.NASA(Parametric)Hwy.Init.Final.FH
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
4.5096051E67
4.5096051E67
0.18
8
2.0089267E69
2.5111583E68
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
A n o va S S
Mean Square
F Value
1
3.419645E66
3.419645E66
0.22
1
7.405445E66
7.405445E66
0.48
8
1.2422626E68
1.5528283E67
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Pr > F
0.9257

Pr > F
0.0922
0.3670

Pr > F
0.6829

Pr > F
0.6514
0.5094

Source
age
Error

Source
time
time*age
Error(time)

Source
age
Error

Source
time
time*age
Error(time)

Exp1.NASA(Parametric)Rural.Init.Final.FH
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.08450000
0.08450000
0.11
8
6.06800000
0.75850000
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.00450000
0.00450000
0.90
1
0.00050000
0.00050000
0.10
8
0.04000000
0.00500000

Exp1.NASA(Parametric)City.Init.Final.Nose
The ANOVA Procedure
R epeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.2880000
0.2880000
0.02
8
104.9100000
13.1137500
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
2.04800000
2.04800000
14.98
1
0.09800000
0.09800000
0.72
8
1.09400000
0.13675000

Exp1.NASA(Nonparametric)City.Init.Final.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
9.0000
0.0027
2
Row Mean Scores Differ
1
9.0000
0.0027
Total Sample Size = 20
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Pr > F
0.7471

Pr > F
0.3706
0.7599

Pr > F
0.8859

Pr > F
0.0047
0.4218

Age.CMH2.Exp1.NASA.Nonparametric.City.Nose
The FREQ Procedure
Summa ry Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0. 2 4 1 0
0.6235
2
Row Mean Scores Differ
3
1.5275
0.6759
Total Sample Size = 20

Source
age
Error

Source
time
time*age
Error(time)

Exp1.NASA(Parametric)Hwy.Init.Final.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova S S
Mean Square
F Value
1
0.3645000
0.3645000
0.02
8
169.9400000
21.2425000
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.76050000
0.76050000
16.35
1
0.01250000
0.01250000
0.27
8
0.37200000
0.04650000

Exp1.NASA(Nonparametric)Hwy.Init.Final.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
8.0000
0. 0 0 4 7
2
Row Mean Scores Differ
1
8.0000
0.0047
Total Sample Size = 20
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Pr > F
0.8990

Pr > F
0.0037
0.6182

Age.CMH2.Exp1.NASA.Nonparametric.Hwy.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
A l t e r n a t i v e H y p o t h es i s
DF
Value
Prob
1
Nonzero Correlation
1
0.2959
0.5865
2
Row Mean Scores Differ
3
0.8525
0.8369
Total Sample Size = 20

Source
age
Error

Source
time
time*age
Error(time)

Exp1.NASA(Parametric)Rural.Init.Final.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Test s of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
2.8880000
2.8880000
0.18
8
130.2920000
16.2865000
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
M e a n S q u a re
F Value
1
2.73800000
2.73800000
54.76
1
0.88200000
0.88200000
17.64
8
0 . 4 0 0 0 0 00 0
0.05000000

Exp1.NASA(Nonparametric)Rural.Init.Final.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
6.4000
0.0114
2
Row Mean Scores Differ
1
6.4000
0.0114
Total Sample Size = 20
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Pr > F
0.6848

Pr > F
<.0001
0.0030

Age.CMH2.Exp1.NASA.Nonparametric.Rural.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -M antel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.6069
0.4360
2
Row Mean Scores Differ
3
2.5266
0.4705
Total Sample Size = 20

Source
age
Error

Source
trial
trial*age
Error(trial)

Exp1.NASA.Parametric.TempAcrossTerrain
The GLM Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Type III SS
Mean Square
F Value
1
0.86700000
0.86700000
4.69
8
1.48000000
0.18500000
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
2
2
16

Type III SS
Mean Square
F Value
0.65000000
0.32500000
2.31
1.11800000
0.55900000
3.97
2.25200000
0.14075000
Greenhouse -Geisser Epsilon
0.7586
Huynh -Feldt Epsilon
1.0159
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Pr > F
0.1315
0.0398

Pr > F
0.0623

Adj Pr > F
G - G
H - F
0.1484
0.1315
0.0561
0.0398

Source
age
Error

Source
vicinity
vicinity*age
Error(vicinity)

Source
age
Error

Source
time
time*age
Error(time)

NASA -TLX Mental Workload for Exp 1
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
10.208333
10.208333
0.04
8
2102.032053
262.754007
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
2
2
16

Anova SS
Mean Square
F Value
192.615687
96.307843
0.97
247.675447
123.837723
1.25
1590.821267
99.426329
Greenhouse -Geisser Epsilon
0.6991
Huynh -Feldt Epsilon
0.9075

Pr > F
0.4008
0.3142

Exp1.Cooper(Parametric)City.Init.Final.FH
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.39360119
0.39360119
0.41
12
11.63354167
0.96946181
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.00571429
0.00571429
3.13
1
0.00241071
0.00241071
1.32
12
0.02187500
0.00182292
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Pr > F
0.8487

Adj Pr > F
G - G
H - F
0.3778
0.3948
0.3076
0.3130

Pr > F
0.5360

Pr > F
0.1020
0.2726

Exp1.Cooper(Nonparametric)City.Init.Final.FH
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
2.6667
0.1025
2
Row Mean Scores Differ
1
2.6667
0.1025
Total Sample Size = 28

Age.CMH2.Exp1.Cooper.Nonparametric.City.FH
T he FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.1754
0.6753
2
Row Mean Scores Differ
3
0.3603
0.9483
Total Sample Size = 28

Source
age
Error

Source
time
time*age
Error(time)

Exp1.Cooper(Parametric)Hwy.Init.Final.FH
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.93241071
0.93241071
1.15
12
9.70187500
0.80848958
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.00142857
0.00142857
0.29
1
0.00002976
0.00002976
0.01
12
0.05854167
0.00487847
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Pr > F
0.3040

Pr > F
0.5983
0.9390

Exp1.Cooper(Nonparametric)Hwy.Init.Final.FH
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.1111
0.7389
2
Row Mean Scores Differ
1
0.1111
0.7389
Total Sample Size = 28

Age.CMH2.Exp1.Coop er.Nonparametric.Hwy.FH
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.6725
0.4122
2
Row Mean Scores Differ
3
0.8745
0.8316
Total Sample Size = 28
Exp1.Cooper(Parametric)Rural.Init.Final.FH
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
Source
age
Error

Source
time
time*age
Error(time)

DF
Anova SS
Mean Square
F Value
1
0.67860119
0.67860119
0.80
12
10.13854167
0.84487847
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.00000000
0.00000000
0.00
1
0.00145833
0.00145833
0.36
12
0.04854167
0.00404514
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Pr > F
0.3878

Pr > F
1.0000
0.5594

Exp1.Cooper(Nonparametric)Rural.Init.Final.FH
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.1429
0.7055
2
Row Mean Scores Differ
1
0.1429
0.7055
Total Sample Size = 28

Age.CMH2.Exp1.Cooper.Nonparametric.Rural.FH
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.5224
0 . 4 6 98
2
Row Mean Scores Differ
3
0.6143
0.8932
Total Sample Size = 28

Source
age
Error

Source
time
time*age
Error(time)

Exp1.Cooper(Parametric)City.Init.Final.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
4.6436012
4.6436012
0.21
12
269.6810417
22.4734201
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
1.16035714
1.16035714
11.84
1
0.00860119
0.00860119
0.09
12
1.17604167
0.09800347
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Pr > F
0.6575

Pr > F
0.00 49
0.7721

Exp1.Cooper(Nonparametric)City.Init.Final.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
5.3333
0.0209
2
Row Mean Scores Differ
1
5.3333
0.0209
Total Sample Size = 28

Age.CMH2.Exp1.Cooper.Nonparametric.City.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.7820
0.3765
2
Row Mean Scores Differ
3
0.9206
0.8205
Total Sample Size = 28

Source
age
Error

Source
time
time*age
Error(time)

Exp1.Cooper(Parametric)Hwy.Init.Final.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypothese s for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.1376190
0.1376190
0.01
12
2 48.0766667
20.6730556
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
1.65142857
1.65142857
12.41
1
0.00190476
0.00190476
0.01
12
1.59666667
0 . 1 3 3 05 5 5 6
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Pr > F
0.9363

Pr > F
0.0042
0.9067

Exp1.Cooper(Nonparametric)Hwy.Init.Final.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
1
2

Alternative Hypothesis
DF
Nonzero Correlation
1
Row Mean Scores Differ
1
Total Sample Size = 28

Value
8.3333
8.3333

Prob
0.0039
0.0039

Age.CMH2.Exp1.Cooper.Nonparametric.Hwy.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -H a e n s z e l S t a t istics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.0541
0.8161
2
Row Mean Scores Differ
3
0. 6 6 4 8
0.8815
Total Sample Size = 28

Source
age
Error

Source
time
time*age
Error(time)

Exp1.Cooper(Parametric)Rural.Init.Final.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F
1
3.6250298
3.6250298
12
285.0435417
23.7536285
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effe
DF
Anova SS
Mean Square
F
1
1.65142857
1.65142857
1
0.02169643
0.021 69643
12
1.02687500
0.08557292
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Value
0.15

Pr > F
0.7029

cts
Value
19.30
0.25

Pr > F
0.0009
0.6237

Exp1.Cooper(Nonparametric)Rural.Init.Final.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
7.1429
0.0075
2
Row Mean Scores Differ
1
7.1429
0.0075
Total Sample Size = 28

Age.CMH2.Exp1.Cooper.Nonparametric.Rural.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.5137
0.4735
2
Row Mean Scores Differ
3
1.1455
0.7661
Total Sample Size = 28

Source
age
Error

Source
trial
trial*age
Error(trial)

Cooper -Harper MentalWorkload Exp 1
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Type III SS
Mean Square
F Value
Pr > F
1
0.04960317
0.04960317
0.01
0.9330
12
80.73611111
6.72800926
RepeatedMeasure
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Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
Adj Pr > F
DF
Type III SS
Mean Square
F Value
Pr > F
G - G
H - F
2
6.93253968
3.46626984
2.66
0.0907
0.0995
0.0907
2
4.55158730
2.27579365
1.74
0 .1961
0.2012
0.1961
24
31.30555556
1.30439815
Greenhouse -Geisser Epsilon
0.8726
Huynh -Feldt Epsilon
1.0938
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Source
age
Error

Sour ce
trial
trial*age
Error(trial)

Ex p1.Cooper.Parametric.TempAcrossTerrain
The GLM Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subje cts Effects
DF
Type III SS
Mean Square
F Value
1
0.00007937
0.00007937
0.00
12
3.65444444
0.3 0453704
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
2
2
24

Type III SS
Mean Square
F Value
0.06908730
0.03454365
0.21
0.06432540
0.03216270
0.20
3.94472222
0.16436343
Greenhouse -Geisser Epsilon
0.9093
Huynh -Feldt Epsilon
1.1521
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Pr > F
0.8119
0.8236

Pr > F
0.9874

Adj Pr > F
G - G
H - F
0.7918
0.8119
0.8036
0.8236

Exp2(Parametric)CityW.FH
The GLM Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
Source
DF
Type III SS
Mean Square
F Value
age
1
0.53826259
0.53826259
0.56
Error
31
30.02204044
0 . 9 6 8 4 5 2 92
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
Source
DF
Type III SS
Mean Square
F Value
trial
1
0.01480002
0.01480002
3.46
trial*age
1
0.00207275
0.00207275
0.48
Error(trial)
31
0.13277574
0.00428309

Exp2(Nonparametric)CityW.FH
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
3.5556
0.0593
2
Row Mean Scores Differ
1
3.5556
0.0593
Total Sample Size = 66

Age.CMH2.Exp2(Non parametric)CityW.FH
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
1
2

Alternative Hypothesis
DF
Nonzero Correlation
1
Row Mean Scores Differ
3
Total Sample Size = 66

Value
0.4400
0.4533
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Prob
0.5071
0.9290

Pr > F
0.4616

Pr > F
0.0726
0.4918

Source
age
Error

Source
time
time*age
Error(time)

Exp2(Parametric)CityWO.FH
The ANOVA Procedure
Repeated Measur es Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.19986687
0.199866 87
0.21
31
29.93498162
0.96564457
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.00060606
0.00060606
0.08
1
0.00000056
0.00000056
0.00
31
0.22939338
0.00739979

Exp2(Nonparametric)CityWO.FH
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
1.1905
0.2752
2
Row Mean Scores Differ
1
1.1905
0.2752
Total Sample Size = 66

Age.CMH2.Exp2(Nonparametric)CityWO.FH
The FREQ Procedure
Summary Statistics for t reat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.0014
0.9705
2
Row Mean Scores Differ
3
0.0217
0.9992
Total Sample Size = 66
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Pr > F
0.6523

Pr > F
0.7766
0 . 9 9 31

Source
a ge
Error

Source
time
time*age
Error(time)

Exp2(Parametric)HwyW.FH
The AN OVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.19128565
0.19128565
0.24
31
24.95992647
0.80515892
Repeated Measures Analysis of Variance
Univariate Tes ts of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.01515152
0.01515152
1.33
1
0.00080437
0.00080437
0.07
31
0.35404412
0.01142078

Exp2(Nonparametric)HwyW.FH
C o c h ran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
1.0870
0.2971
2
Row Mean Sc ores Differ
1
1.0870
0.2971
Total Sample Size = 66

Age.CMH2.Exp2(Nonparametric)HwyW.FH
The FREQ Proced ure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.0334
0.8551
2
Row Mean Scores Differ
3
0.0719
0.9950
Total Sample Size = 66
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Pr > F
0.6294

Pr > F
0.2582
0.7925

Source
age
Error

Source
time
time*age
Error(time)

Exp2(Parametric)HwyWO.FH
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
DF
Anova SS
Mean Square
F Value
1
0.46943182
0.46943182
0.49
31
29.42875000
0.94931452
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
Anova SS
Mean Square
F Value
1
0.00060606
0.0 0060606
0.14
1
0.00064394
0.00064394
0.14
31
0.13875000
0.00447581

Exp2(Nonparametric)HwyWO.FH
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.0000
1.0000
2
Row Mean Scores Differ
1
0.0000
1.0000
Total Sample Size = 66

Age.CMH2.Exp2(Nonparametric)HwyWO.FH
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.0208
0.8854
2
Row Mean Scores Differ
3
0.0269
0.9988
Total Sample Size = 66
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Pr > F
0.4872

Pr > F
0.7154
0.7070

Exp2(Parametric)CityW.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
Source
DF
Anova SS
Mean Square
F Value
age
1
28.6448535
28.6448535
1.71
Error
31
519.7545404
16.7662755
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
Source
DF
Type III SS
Mean Square
F Value
trial
1
5.23980002
5.23980002
34.87
trial*age
1
0.18161820
0.18161820
1.21
Error(trial)
31
4. 6 5 7 7 7 5 7 4
0.15025083

Exp2(Nonparametric)CityW.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
28.1250
<.0001
2
Row Mean Scores Differ
1
28.1250
<.0001
Total Sample Size = 66

Age.CMH2.Exp2(Nonparametric)CityW.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
1
2

Alternative Hypothesis
DF
Nonzero Correlation
1
R o w M e a n S c o r e s D i ffer
3
Total Sample Size = 66

Value
0.6712
3.3678
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Prob
0.4126
0.3383

Pr > F
0.2008

Pr > F
<.0001
0.2800

Exp2(Parametric)CityWO.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
Source
DF
Anova SS
Mean Square
F Value
age
1
27.1470371
27.1470371
1.59
Error
31
530.2665993
17.1053742
Repeated Measures Analysis of Variance
Univariate Tests of Hypothes es for Within Subject Effects
Source
DF
Type III SS
Mean Square
F Value
trial
1
1.87977328
1.87977328
26.53
trial*age
1
0. 0 3 1 2 8 8 4 4
0.03128844
0.44
Error(trial)
31
2.19689338
0.07086753

Exp2(Nonparametric)CityWO.Nose
Cochran -Mantel -H aenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
16.3333
<.0001
2
Row Mean Scores Differ
1
16.3333
<.0001
Total Sample Size = 66

Age.CMH2.Exp2(Nonparametric)CityWO.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.9310
0.3346
2
Row Mean Scores Differ
3
2.5891
0.4594
Total Sample Size = 66
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Pr > F
0.2172

Pr > F
<.0001
0.5113

Exp2(Parametric)HwyW.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
Source
DF
Anova SS
Mean Square
F Value
age
1
14.9640647
14.9640647
0.93
Error
31
499.1535110
16.1017262
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
Source
DF
Type III SS
Mean Square
F Value
trial
1
4.40158255
4.40158255
32.83
trial*age
1
0.04461286
0.04461286
0.33
Error(trial)
31
4.15659926
0.13408385

Exp2(Non parametric)HwyW.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
N o n z e r o C o r re l a t i o n
1
28.1250
<.0001
2
Row Mean Scores Differ
1
28.1250
<.0001
Total Sample Size = 66

Age.CMH2.Exp2(Nonparametric)HwyW.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.5080
0.4760
2
Row Mean Scores Differ
3
2.6342
0.4515
Total Sample Size = 66
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Pr > F
0.3425

Pr > F
<.0001
0.5682

Exp2(Parametric)HwyWO.Nose
The ANOVA Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects
Source
DF
Anova SS
Mean Square
F Value
age
1
20.2746708
20.2746708
1.14
Error
31
549.4735110
17.7249520
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
Source
DF
Type III SS
Mean Square
F Value
trial
1
1.60039271
1.60039271
26.93
trial*age
1
0.22887756
0.22887756
3.85
Error(trial)
31
1.84233456
0.05943015

Exp2(Nonparametric)HwyWO.Nose
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
16.1333
<.0001
2
Row Mean Scores Differ
1
16.1333
<.0001
Total Sample Size = 66

Age.CMH2.Exp2(Nonparametric)HwyWO.Nose
The FREQ Procedure
Summary Statistics for treat by temp
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
0.6151
0.4329
2
Row Mean Scores Differ
3
2.1084
0.5502
Total Sample Size = 66
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Pr > F
0.2931

Pr > F
<.0001
0.0587

Source
age
Error

Source
trial
trial*age
Error(trial)

Exp2.NoseTempAcrossConditions.Parametric
Repeated Measures Analysis of Vari ance
Tests of Hypotheses for Between Subjects Effects
DF
Type III SS
Mean Square
F Value
1
0.05640040
0.05640040
0.13
31
13.67496324
0.44112785
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects
DF
3
3
93

Type III SS
Mean Square
F Value
1.58063614
0.52687871
4.07
0.91639372
0.30546457
2.36
12.03224265
0.12937895
Greenhouse -Geisser Epsilon
0.8748
Huynh -Feldt Epsilon
0.9938

Pr > F
0.0091
0.0764

Exp2.NoseTempAcrossConditions.Nonparametric
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
4.2291
0.0397
2
Row Mean Scores Differ
3
9.2039
0.0267
Total Sample Size = 132

Age.CMH2.Exp2(Nonparametric)NoseTempAcrossConditions
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Pr o b
1
Nonzero Correlation
1
2.2260
0.1357
2
Row Mean Scores Differ
7
10.0239
0.1872
Total Sample Size = 132
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Pr > F
0 .7 2 3 1

Adj Pr > F
G - G
H - F
0.0126
0 . 0 0 93
0.0854
0.0768

Exp2.CooperHarper.Parametric
The ANOVA Procedure
Sum of
Source
DF
Squares
M e a n S q u a re
F Value
Model
38
583.6752451
15.3598749
8.73
Error
93
163.6580882
1.7597644
Corrected Total
131
747.3333333
R-S q u a r e
Coeff Var
Root MSE
yield Mean
0.781011
28.42631
1.326561
4.666667
Source
DF
Anova SS
Mean Square
F Value
age
1
8.4252451
8.4252451
4.79
subj*age
31
318.4080882
10.2712287
5.84
condition
3
253.5151515
84.5050505
48.02
a g e * c o n d it i o n
3
3.3267602
1.1089201
0.63
Tests of Hypotheses Using the Anova MS for subj*age as an Error Term
Source
DF
Anova SS
Mean Square
F Value
age
1
8.42524510
8.42524510
0.82
Alpha
0.05
Error Degrees of Freedom
93
Error Mean Square
1.759764
Critical Value of Studentized Range
3.69972
Minimum Significant Difference
0.8544
Means with the same letter are not significantly different.
Tukey Grouping
Mean
N
condition
A
6.2121
33
cityW
A
5.8788
33
hwyW
B
3.3939
33
cityWO
B
3.1818
33
hwyWO

Exp2.CooperHarper.Nonparametric
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
Alternative Hypothesis
DF
Value
Prob
1
Nonzero Correlation
1
18.8350
<.0001
2
Row Mean Scores Differ
3
64.2378
<.0001
Total Sample Size = 132
Age.CMH2.Exp2.CooperHarper.Nonparametric
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Pr > F
<.0001

Pr > F
0.0312
<.0001
<.0001
0.5974
Pr > F
0.3721

The FREQ Procedure
Summary Statistics for block by mw
Cochran -Mantel -Haenszel Statistics (Based on Rank Scores)
Statistic
1
2

Variable
workload
temp

N
132
132

Alternative Hypothesis
Nonzero Correlation
Row Mean Scores Differ
Total Sample Size =

DF
1
1
132

Value
0.8221
0.8221

Correlation.Subjective.Objective
The CORR Procedure
2
Variables:
workload temp
Simple Statistics
Mean
Std Dev
Median
4.66667
2.38848
4.00000
0.43182
0.46402
0.35000

Prob
0.3646
0.3646

Minimum
1.00000
-0.50000

Pearson Correlation Coefficients, N = 132
Prob > |r| under H0: Rho=0
workload
temp
workload
1.00000
0.03237
0.7125
temp
0.03237
1.00000
0.7125
Spearman Correlation Coefficients, N = 132
Prob > |r | under H0: Rho=0
workload
temp
workload
1.00000
0.15059
0.0848
tem p
0.15059
1.00000
0.0848
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Maximum
10.00000
2.90000

Exp3.Sim.FH.NonparametricWilcoxonSignedRank
The UNIVARIATE Procedure
Variable:
diff
Tests for Location: Mu0=0
Test
-Statistic - - - - -p Value ----- Student's t
t
1.17108
Pr > |t|
0.2643
Sign
M
1.5
Pr >= |M|
0.5078
Signed Rank
S
13
Pr >= |S|
0.1367

Exp3.Sim.FH.ParametricPairedTTest
The TTEST Procedure
Statistics
Lower CL
Upper CL Lower CL
N
Mean
Mean
Mean
Std Dev
13
-0.026 0.0308
0.088
0.0679
T-Tests
Difference
DF
t Value
Pr
initial - final
12
1.17

Difference
initial - final

Std Dev
0.0947
> |t|
0.2643

Vari able

Exp3.Sim.FH.ParametricPairedTTest
The MEANS Procedure
Mean
Std Dev
Std Error

initial
final
diff

32.5846154
32.5538462
0.0307692

0.9864466
1.0038388
0.0947331

Upper CL
Std Dev
0.1564

0.2735911
0.2784148
0.0262742
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N
13
13
13

Std Err
0.0263

Exp3.Sim.Nose.NonparametricWilcoxonSignedRank
The UNIVARIATE Procedure
Variable: diff

Test
Student's t
Sign
Signed Rank

Tests for Location:
-Statistic t
-1.78329
M
-1
S
-13.5

Mu0=0
- - - - -p Value ----- Pr > |t|
0.0998
Pr >= |M|
0.7539
Pr >= |S|
0.1816

Exp3.Sim.Nose.ParametricPairedTTest
The TTEST Procedure
Statistics
Lower CL
Upper CL Lower CL
N
Mean
Mean
Mean
Std Dev Std Dev
13
-0.273 -0.123
0.0273
0.1784
0.2488
T-Tests
Difference
DF
t Value
Pr > |t|
init ial - final
12
-1.78
0.0998

Difference
initial - final

Variable
initial
final
diff

Exp3.Sim.Nose.ParametricPairedTTest
The MEANS Procedure
Mean
S td Dev
Std Error
29.6230769
29.7461538
-0.1230769

2.6646306
2.5818648
0.2488435

0.7390356
0.7160804
0.0690168
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Upper CL
Std Dev
0.4108

N
13
13
13

St d Err
0.069

Exp3.Car.FH.NonparametricWilcoxonSignedRank
The UNIVARIATE Procedure
Variable:
diff
Tests for Location: Mu0=0
Test
-Statistic - - - - -p Value ----- Student's t
t
1.17108
Pr > |t|
0.2643
Sign
M
1.5
Pr >= |M|
0.5078
Signed Rank
S
13
Pr >= |S|
0.1367

Exp3.Car.FH.Parametric Paired T Test
The TTEST Procedure
Statistics
Lower CL
Upper CL Lower CL
N
Mean
Mean
Mean
Std Dev
13
-0.026 0.0308
0.088
0.0679
T-Tests
Difference
DF
t Value
Pr
initial - final
12
1.17

Difference
initial - final

Variable
initial
final
diff

Std Dev
0.0947
> |t|
0.2643

Exp3.Car.FH.Parametric Paired T Test
The MEANS Procedure
Mean
Std Dev
Std Error
32.5846154
32.5538462
0.0307692

0.9864466
1.0038388
0.0947331

Upper CL
Std Dev
0.1564

0.2735911
0.2784148
0.0262742
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N
13
13
13

Std Err
0.0263

Exp3.Car.Nose.NonparametricWilcoxonSignedRank
The UNIVARIATE Procedure
Variable:
diff
Tests for Location: Mu0=0
Test
-Statistic - - - - -p Value ----- Student's t
t
-1.78329
Pr > |t|
0.0998
Sign
M
-1
Pr >= |M|
0.7539
Signed Rank
S
-13.5
Pr >= |S|
0.1816

Exp3.Car.Nose.ParametricPairedTTest
The TTEST Procedure
Statistics
Lower CL
Upper CL Lower CL
N
Mean
Mean
Mean
Std Dev
13
-0.273 -0.123
0.0273
0.1784
T-Tests
Difference
DF
t Value
Pr
initial - final
12
-1.78

Difference
initial - final

Variable
initial
final
diff

Std Dev
0.2488
> |t|
0.0998

Exp3.Car.Nose.ParametricPairedTTest
The MEANS Procedure
Mean
Std Dev
Std Error
29.6230769
29.7461538
-0.1230769

2.6646306
2.5818648
0.2488435

Upper CL
Std Dev
0.4108

0.7390356
0.7160804
0.0690168
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N
13
13
13

Std Err
0.069

Variable
noseTemp
Cooper

N
26
26

Exp3.Coorelation.NoseTemp.Cooper
The CORR Procedure
2
Variables:
noseTemp Cooper
Simple Statistics
Mean
Std Dev
Median
0.17231
0.41112
0.15000
3.19885
1.65271
3.25000

Minimum
-0.50000
1.00000

Pearson Correlation Coefficients, N = 26
Prob > |r| under H0: Rho=0
noseTemp
Cooper
noseTemp
1.00000
0.28295
0.1613
Cooper
0.28295
1.00000
0.1613
Spearman Corr elation Coefficients, N = 26
Prob > |r| under H0: Rho=0
noseTemp
Cooper
noseTemp
1.00000
0.43057
0.0281
Cooper
0.43057
1.00000
0.0281
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Maximum
1.17000
7.00000

